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Die Forschung iiber die Wirkungen und Wirkungsweisen psychotroper Substanzen hat 
in den letzten Jahren einen unerhérten Aufschwung genommen. Was vordem nur ein er- 
wiinschtes Ziel war, ist zu einer neuen Wissenschaft geworden: Psychopharmakologie. Da 
eine fruchtbare Analyse und Synthese ihrer Probleme sur durch Zusammenarbeit aller 
Grundfacher (Pharmakologie, Neurochemie, Neurophysiologie, Neurologie, Psychologie und 
Psychiatrie) mdglich wird, ist die Psychopharmakologie eine verbindende, integrierende 
Forschungsdisziplin. Die standig anwachsende Literatur dieses komplexen Arbeitsgebietes 
ist jedoch bisher zwangsliufig iiber zahlreiche Zeitschriften verstreut, da es bis heute kein 
Spezialorgan gab, das sich ausschlieBlich der Psychopharmakologie widmet. Diesem dringen- 
den Bediirfnis zu begegnen, hat sich eine Gruppe von Vertretern der verschiedenen Arbeits- 
richtungen der Psychopharmakologie entschlossen, eine neue Zeitschrift ,,Psychopharma- 
cologia“ zu griinden. In ihr sollen die bedeutenden Fortschritte dieses Arbeitsgebietes durch 
Veréffentlichung experimenteller und klinischer Originalarbeiten, Ubersichten der neuesten 
Literatur sowie kurzer Originalmitteilungen zusammengefaBt werden. 


Recent years have witnessed an unprecedented advance in research on the action and 
effects of psychotropic drugs, and what, formerly, was just a distant goal, has now evolved into 
a new branch of science: psychopharmacology. As, however, any fruitful analysis and synthesis 
of its problems can only be attained with the aid of the complete scale of basic sciences (pharma- 
cology, neurochemistry, neurophysiology, neurology, psychology and psychiatry), psycho- 
pharmacology constitutes an integrating discipline of research. Owing to the lack of an organ 
devoted especially to psychopharmacology, the constantly increasing literature pertaining to 
this complex field of activity has hitherto of necessity been scattered among various periodicals. 
In order to overcome this drawback, a group of representatives of the various psychopharma- 
cologic sections have engaged in editing a journal, “Psychopharmacologia”, in which the 
publication of original experimental and clinical papers, reviews of recent literature and short 
original notices will provide a comprehensive survey of the important progress which is being 
actually achieved in this field of science. 


Ces derniéres années ont vu un développement sans précédent dans la recherche des 
effets et du mode d’action des substances psychotropes sur le «Comportement» et ont fait 
naitre une nouvelle science: la Psychopharmacologie. Comme ces problémes ne peuvent étre 
résolus que par la collaboration des disciplines de base telles que la pharmacologie, la neuro- 
chimie, la neurophysiologie, la psychologie et la psychiatrie, la psychopharmacologie est 
devenue un champ de recherche de premiére importance. Cependant la littérature toujours 
croissante en ce domaine de recherche est forcément disséminée dans de nombreux périodi- 
ques, puisqu’il n’existe pas encore de journal exclusivement consacré & la psychopharma- 
cologie. Pour répondre a ce pressant besoin un groupe de représentants des diverses dis- 
ciplines de la psychopharmacologie s’est mis en devoir de rédiger un nouveau journal dans 
lequel seraient rassemblés les progrés importants de ce domaine, par la publication d’ouvrages 
originaux expérimentaux et cliniques, ainsi que des rapports sur des questions actuelles. 


Richtlinien fiir die Mitarbeiter siehe am Schlu8 des Heltes. — Directives to Authors are given 
at the end of this number. — Directives destinées aux auteurs, voir a la fin du fascicule. 
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Die Zeitschrift erscheint im Interesse rascher Veréffentlichung nach MaBgabe des ein- 
gehenden Materials zwanglos in einzeln berechneten Heften, die zu Banden vereinigt werden. 


Fiir den Inhalt von ,,Kurzen Originalmitteilungen“ und ,,Briefen an die Herausgeber“ 
sind die Autoren stets selbst verantwortlich; solche Beitrage miissen nicht unbedingt die 
Meinung der Redaktion wiedergeben. 

Grundsatzlich diirfen nur Arbeiten eingereicht werden, die vorher weder im Inland noch 
im Ausland veréffentlicht worden sind. Der Autor verpflichtet sich, sie auch nachtraglich 
nicht an anderer Stelle zu publizieren. Mit der Annahme des Manuskriptes und seiner Ver- 
éffentlichung durch den Verlag geht das Verlagsrecht fiir alle Sprachen und Lander einschlieB- 
lich des Rechts der fotomechanischen Wiedergabe oder einer sonstigen Vervielfaltigung an 
den Verlag iiber. Jedoch wird gewerblichen Unternehmen fiir den innerbetrieblichen Gebrauch 
nach MaBgabe des zwischen dem Bérsenverein des Deutschen Buchhandels e.V. und dem 
Bundesverband der Deutschen Industrie abgeschlossenen Rahmenabkommens die An- 
fertigung einer fotomechanischen Vervielfé!tigung gestattet. Wenn fiir diese Zeitschrift kein 
Pauschalabkommen mit dem Verlag vereinbart worden ist, ist eine Wertmarke im Betrage 
von DM 0.30 pro Seite zu verwenden. Der Verlag lapt diese Betrige den Autorenverbdnden 
zuflieBen. 

Die Wiedergabe von Gebrauchsnamen, Handelsnamen, Warenbezeichnungen usw. in 
dieser Zeitschrift berechtigt auch ohne besondere Kennzeichnung nicht zu der Annahme, daB 
solche Namen im Sinn der Warenzeichen- und Markenschutz-Gesetzgebung als frei zu betrach- 
ten waren und daher von jedermann benutzt werden diirften. 


In order to avoid delay in publication, this journal is issued at indefinite intervals, 
according to the material received, and consists of loose numbers, priced singly, for sub- 
sequent assembly in volumes. 

Responsibility for the contents of “short communications of original investigations” or 
‘letters to the Editor” devolves exclusively on the authors themselves, such contributions not 
necessarily representing the opinion of the editors. 

Special attention is drawn to the fact that soie copyright for all languages and lands is 
transferred to the publishers immediately the manuscript is accepted and published by them. 
It is a fundamental condition that no manuscript submitted shall have been or will be pub- j 
lished elsewhere either at home or abroad. 

Unless special permission has been granted by the publishers, no photographic reproduc- 
tions, microfilms, microphotos or other reproductions of a similar nature may be made of the 
journals, of individual contributions contained therein or of extracts therefrom. 

The reproduction of registered names, trade marks, etc. in this journal, even if not spe- 
cially indicated, does not warrant the assumption that such names, as defined by the laws 
affecting protection of trade marks, etc., may be regarded as uncontrolled and therefore for 


the free use of everybody. 


‘ Cette revue parait a intervalles ra hés dans la mesure des articles regus, sans néan- 
moins obligation de publication réguliére et de prix fixe, sous forme de fascicules sé¢parés 
qui seront relies en volumes. 

Seuls les auteurs sont responsables des informations et opinions contenues dans les 
rubriques: «Bréves informations» et «Lettres 4 la Rédaction»; ces contributions ne sauraient 
toujours représenter l’opinion de la rédaction. 

L’attention est tout particuliérement attirée sur le fait qu'une fois le manuscrit accepté 
et publié par les éditeurs, l’unique copyright pour tous pays et toutes langues leur est réservé. 
Ne doivent étre en principe envoyés que les ouvrages qui n’ont jamais été et ne seront jamais 
publiés ni dans le pays méme de |’auteur ni a l’étranger. 

En outre, il n’est pas permis sans ]’autorisation expresse des éditeurs de faire des repro- 

ductions photographiques, des microfilms, des microphotos, etc. . . . , des revues publiées, des 
communications individuelles ou d’extraits de ces derniéres. 
- La reproduction dans cette revue de marques déposées, marques de fabrique, désigna- 
tions de marchandises, etc., méme sans indication spéciale, n’autorise pas 4 croire que ces 
noms définis par la législation commerciale sur les marques et la propriété industrielle puissent 
étre laissés au libre usage de chacun. 
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Psychopharmacologia 1, 79—88 (1959) 


Travail de la Section de Recherches Physio-Biologiques de la Marine Nationale, 
Laboratoire d’Eutonologie, Hépital Boucicaut, Paris 


Action protectrice des sels potassiques et magnésiens 
de acide D.L.-aspartique contre les convulsions dues 
a l’Isoniazide et au chlorure d’ammonium chez le Rat 


Par 
H. Laporir et B. Wesper 


(Manuscrit regu le 4 avril 1959) 


Dans le cadre des études que notre groupe a réalisées depuis deux 
ans concernant les sels potassiques et magnésiens de l’acide D.L.- 
aspartique, nous avions montré l’action protectrice de ces sels 4 l’égard 
de lVintoxication aigué (WEBER et al. 1958) et sub-aigué (WEBER et 
al. 1959) au chlorure d’ammonium. Connaissant le réle de la Pyridoxine 
(Vitamine B,) dans l’activité transaminasique (SNELL 1952), il était 
intéressant de rechercher l’action de cette vitamine sur la toxicité, 
faible d’ailleurs, des sels de l’acide aspartique, ainsi que sur la protection 
qu’ils fournissent contre |’intoxication au CINH,. Nous donnerons plus 
loin le résultat de cette recherche qui fut négatif. 

Par contre, McKennts et al. (1956) ayant émis l’hypothése que les 
Hydrazides libéraient de l’ammoniaque, facteur de lésions hépatiques, 
il était intéressant également de rechercher si |’action protectrice des 
sels de l’acide aspartique a l’égard de l’intoxication ammoniacale était 
diminuée par I’Isoniazide, ce qui fut confirmé par l’expérimentation 
sans que la participation de l’ion NH, puisse en étre démontrée pour 
autant. I] était utile aussi de rechercher si les sels de l’acide aspartique 
fournissaient une protection queleonque contre les convulsions dues a 
I’Isoniazide. Ce sont les résultats de ces différentes expérimentations qui 
seront rapportés puis discutés ici. 


Technique et résultats 

Nous avons utilisé des Rats blancs de la race Wistar d’un poids 
moyen de 300 g. 

1. CINH,. Les injections ont été pratiquées par voie intrapéritonéale 
de solutions fraichement préparées dosées 4 4%, 5%, 6%, pour que les 
volumes restent comparables. Trois doses ont été étudiées: 1,20 g/kg, 
1,50 g/kg, 1,80 g/kg sur 9 Rats par dose. On a noté le temps écoulé 
entre l’injection de CINH, et la premiére crise convulsive d’une part, 
la mort appréciée par arrét des battements cardiaques, d’autre part. 


Psychopharmacologia, Bd, 1 6 


| 
| 
| 

: 


80 


Tableau 1. Résultats des essais de protection contre intoxication au CINA, 


(1) (2) (4) 
Tem T pe *| Temps CINH 
CINH, + aspartate | £_30,Mg) de Na 
1,20 g/kg 
10’ 33’ 
Mort. + 5'10” 1350” 
4’30” 12’30” 610” 4/15” 
1,50 lére convulsion 50” 3°55” + 115” 55” 
Mort 6'10” 19°40” 9°55” 8’40” 
. + 1/15” + 3’10” 
lére convulsion 
Mort. 30” 4/25” 


Le tableau résume les délais d’apparition de la premiére crise convulsive «+ 
de la mort. L’écart-type (c) figure 4 cété du chiffre moyen de chaque série. La 
probabilité obtenue par le test de Student est dans tous les cas comprise entre 
0,01 et 0,001 ou supérieure 4 0,001 sauf pour la différence entre l’apparition de la 
premiére crise convulsive des témoins et des animaux sous bicarbonate de Na. 


Comme il était prévisible, les délais d’apparition de la premiére crise 
convulsive et de la mort sont d’autant plus courts que la dose de CINH, 
est plus forte [Tableau 1, colonne (1)]. 

2. CINH, + Sels K et Mg de l’acide D.L.-aspartique. a) 9 animaux 
ont regu 1,80 g/kg de CINH, et 3 g/kg d’une solution 4 10% contenant 
4% de sel potassique et 6% de sel magnésien de l’acide aspartique. 
L’intervalle séparant ces deux injections a varié de 5 en 5 Min. de 0 a 
30 Min. On a ainsi déterminé le délai entre deux injections qui procure 
la meilleure protection: 20 Min. 

b) Ce délai précisé, le méme protocole d’intoxication a été reproduit 
(trois séries de 9 animaux), mais injection d’une dose type de 3 g/kg 
du sel potassique et magnésien de l’acide D.L.-aspartique a précédé 
de 20 Min. celle de CINH,. Dans chaque série, un animal témoin n’a 
pas regu d’injection préalable pour vérifier que les conditions réalisées 
dans le premier protocole demeuraient respectées. 

Ces sels allongent considérablement les délais de la premiére crise 
convulsive et de la mort. (Tableau 1, colonne (2)]. 

c) Pour préciser le mécanisme de protection aprés injection des sels 
de l’acide aspartique, il a été recherché |’action d’un mélange de lactate 
de K et de sulfate de Mg aux mémes doses, 4 la méme concentration 
en potassium et en magnésium que les sels de |’acide aspartique (9 ani- 
maux -++ 2 témoins). 
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Les ions K et Mg, sous forme de lactate de K et de sulfate de Mg, 
ne procurent qu’une protection relative [Tableau 1, colonne (3)]. 

d) Pour éliminer la participation éventuelle de l’acidose, l’action 
d’une solution 4 2,5% de CO,HNa, injectée au méme moment et au 
méme volume que le CINH, (2,50 g/kg de CO,HNa pour 1,50 g/kg de 
CINH,) (9 animaux + 2 témoins). 

Le bicarbonate de Na ne modifie pas les délais de la premiére crise 
convulsive, mais retarde la mort. Le réle de l’acidose n’est donc pas 
prédominant [Tableau 1 colonne (4)]. 

e) L’action de l’acide aspartique n’a pu étre étudiée. Sa trés faible 
solubilité améne a injecter des volumes considérables (60 ml) pour obtenir 
la méme dose/kg qu’avec 


les sels de K et de Mg. Tableau 2 

A titre d’essai, une dose ‘ 

égale a 1/10 de celle appor- | ++ 
tée par les sels a été injec- 
tée &4 8 animaux: 0 Min., 8/40” 
10 Min., 15 Min., 20 Min. 
(deux animaux chaque Mort 1)’ 12’ 
fois) avant linjection de | +425” 
CINH,. 


Aux doses indiquées, aucune influence de l’acide D.L.-aspartique 
n’a pu étre mise en évidence. 

En résumé, les sels potassiques et magnésiens de lacide aspartique 
injectés 20 Min. avant le chlorure d’ammonium protégent de fagon signifi- 
cative le Rat contre cette intoxication massive. 

3. Sels de K et Mg de l’acide D.L.-aspartique + Vitamine B,. 
L’injection de vitamine B, a été faite par voie intrapéritonéale a la dose 
de 250 mg/kg pour trois animaux ayant regu simultanément 2 g/kg 
de la solution d’aspartates. Les autres injections de vitamine B, ont 
été de 500 mg/kg pour des doses de sels de l’acide aspartique de 1 g/kg 
(deux animaux), 2 g/kg (deux animaux), 2,80 g/kg (10 animaux). 

Aucun changement 4a la toxicité de la solution des sels de l’acide 
aspartique n’a été trouvé aprés l’adjonction de vitamine B, aux diffé- 
rentes doses indiquées. 

4. CINH, + Sels de l’acide aspartique + Vitamine B,. Les doses de 
vitamine B, ont été de 500 mg/kg par voie i.p. Celles des sels de l’acide 
aspartique de 3 g/kg par la méme voie. Le CINH, 4 été injecté a la 
dose de 1,80 g/kg (9 animaux). 

Aucune variation significative n’est enregistrée par rapport aux 
témoins sans Vitamine B, (Tableau 2). 

6* 
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5. CINH, + Isoniazide. Les doses ont été, par voie intrapéritonéale, 
de 5 mg/kg d’Isoniazide et de 1,20 g/kg de CINH,. Deux séries de 
9 animaux: l'une pour laquelle l’Isoniazide a été injectée 15 Min. avant, 


autre 20 Min. avant 

V'injection de CINH,. 
CINH, CINH, 

— + Isoniazide | + Isoniazide rs Aueun changement 

(15 Min avant)}(20 Min. avant) significatif nest apporté 


par l’Isoniazide aux dé- 


lére crise 4 lais de la premiére crise 

10° 910” 110” convulsive et de la mort 

Mort +510” | +135” | +410”  aprésinjection de CINH, 
(Tableau 3). 


6. CINH,+ Sels de l’acide aspartique + Isoniazide. Injection 
simultanée par voie i-p. d’Isoniazide & la dose de 5 mg/kg de sels de 
l’acide aspartique (Solution 4 10% contenant 4% de sel de K et 6% 
de sel de Mg) a la dose de 3 g/kg, 20 Min. avant l’injection de CINH, 
& la dose de 1,20 g/kg (9 animaux) et de 1,80 g/kg (9 animaux). 

Le retard a l’apparition de la premiére crise convulsive et de la mort 
due au CINH, apporté par les sels de l’acide aspartique se trouve sup- 
primé par I’Isoniazide, comme le montrent les tableaux suivants: 


4 (CINH,:1,20 g/kg) et 5 (CINH,:1,80 g/kg). 


Tableau 4 
Témoins CINH, + Sels de 
CINE, + l’acide aspartique - 
6'30” 0'55”’ 23’ 
lére crise convulsive 2/25” de 4 7/30” 
10’ 11/15” 33’ 
Mort. 5/10” 1°05” 13’50” 
Tableau 5 
Témoins CINH, + Selsde | CINH, + Sels de 
CINH, Pacide aspartique 
3’15” 5/10” 8’30” 
lére crise convulsive + 50” +45” +150” 
7 7/20” 12’ 
Mort. + 30” 4/25” 


7. CINH, + Sels de l’acide aspartique + Isoniazide + Vitamine B,. 


Méme protocole qu’en 6°, mais on ajoute vitamine B, a la dose de 500 mg 
par voie sous-cutanée avec Hyaluronidase (9 animaux) et sans Hyal- 
uronidase (9 animaux). Les doses de CINH, ont toutes été de 1,20 g/kg. 
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Le tableau 6 montre que la vitamine B, injectée par voie sous- 
cutanée avec (A) ou sans (B) Hyaluronidase ne change rien 4 inhibition, 
apportée par |’Isoniazide, de la protection par les sels de l’acide aspartique 
contre l’intoxication au CINH, (P <0,1, done pas de différence). 


Tableau 6 


(A) (B) 

Témoins CINH, CINH, + Isoniazide 
de l’acide aspartique | tique + Vitamine B, tique + Vitamine B, 
+ Hyaluronidase 


9/55” 9'05”’ 9'55”’ 

lére convulsion 42/40” +135” 49/25” 
11/15” 14'15” 12’05” 


8. Isoniazide + Sels de l’acide aspartique. Injection i.p. de 750 mg/kg 
d’Isoniazide en solution aqueuse 4 2,5% et solution habituelle de sels 
potassiques et magnésiens de l’acide aspartique 4 la dose de 3 g/kg i.p. 

Délai d’apparition de la premiére crise 
convulsive aprés l’injection d’Isoniazide. Tableau 7 

La probabilité P résultant du test de Isoniazide | Isoniazide + Sels de 
Student est proche de 0,001. Les sels de Sa 
lacide aspartique protégent contre les 2540” 37/40" 
manifestations convulsives que provo- +150” +245” 
quent les doses mortelles d’Isoniazide. 

De plus, les animaux témoins sont morts dans les 90 Min. qui ont suivi 
injection alors que les essais sont morts beaucoup plus tardivement. 


Discussion 

Le fait que l’action protectrice des sels de l’acide aspartique sur les 
convuisions dues au CINH, ne sont pas influencées par l’adjonction de 
vitamine B,, le fait aussi que cette derniére ne change rien A la toxicité 
des aspartates porterait 4 croire que l’action thérapeutique de ces sels 
n’est pas liée aux transaminases. Nous verrons plus loin que ces faits 
méritent d’étre discutés. 

Par ailleurs, la toxicité des Hydrazides est connue : Astwoop (1943), 
Drexe (1949) constate leur action convulsivante mortelle et DEBEY 
etal. (1952) notent l’efficacité antidotique de la vitamine B,. Cette 
derniére action a été longuement étudiée plus récemment par JENNEY 
et al. (1953). L’activité convulsivante de |’Isoniazide en particulier, a 
été mise en évidence par BENSON et al. (1952). La tendance convulsivante 
des malades tuberculeux traités 4 l’Isoniazide a méme été rapportée par 
PLEASURE (1954). Chez le Rat, les doses de 150 mg/kg sont admises 
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comme 50% léthales. Nous avons utilisé volontairement des doses 
beaucoup plus élevées (750 mg/kg) dans la recherche d’une protection 
par les aspartates. La longue période de latence entre l’injection et 
l’apparition des premiéres convulsions ainsi que |’uniformité des doses 
efficaces quelles que soient les voies d’administration, ont fait admettre 
& la majorité des auteurs que I’Isoniazide agissait en provoquant des 
perturbations biochimiques du cerveau. 

Il est possible que l’action convulsivante soit liée 4 l’inactivation par 
l’Isoniazide des amino-oxydases. en résulterait une accumulation 
d’Histamine, de Sérotonine ou d’autres amines dans le cerveau. Mais 
différents contréles réalisés par JENNEY et PFEIFFER (1958) permettent 
de penser que l’interaction sur |’activité amino-oxydasique n’est pas un 
facteur important de l’effet convulsivant. 

De méme, l’intoxication ammoniacale ne parait pas jouer un réle 
majeur. Nous n’avons pas trouvé d’action aggravante de |’Isoniazide 
& l’égard des convulsions dues au CINH,, confirmant ainsi un travail 
(que nous ignorions 4 l’époque) de JENNEY et PFEIFFER (1958) qui 
montre que la Semicarbazide n’abaisse pas le seuil des convulsions provo- 
quées par l’acétate d’ammonium. Ces auteurs concluent que la quantité 
de NH, libérée par la Semicarbazide est infiniment petite, comparée 
aux doses d’ammoniaque nécessaires & provoquer des convulsions. 

Par contre, CoLE et al. (1952) ont montré que le lactate, le citrate, 
le glutamate, le pyruvate, le fumarate, le succinate de sodium prolonge- 
aient la vie des animaux intoxiqués 4 l’Hydrazine. Pops (1953) a testé 
certains intermédiaires du cycle de KrEBs connus pour leur antagonisme 
a l’égard de l’inhibition par |’Isoniazide de la croissance du b. tuber- 
culeux. Deux seulement de ces intermédiaires, l’«-cetoglutarate et le 
pyruvate de sodium, possédent une action antagoniste contre les con- 
vulsions. Tous les deux contiennent une fonction cétone capable de se 
combiner avec les Hydrazides. Or, la fonction cétone protége la Souris 
contre les convulsions dues 4 la Semicarbazide et l’acétone protége 
contre la mort et contre les convulsions. Est-ce le groupement cétone 
qui protége l’animal avec |’emploi de |’«-cetoglutarate et du pyruvate ! 
JENNEY et PFEIFFER signalent qu’alors on devrait trouver une protection 
avec l’oxaloacétate et ces deux auteurs de conclure avec PoPE que le 
pyruvate et l’a-cetoglutarate protégent par un autre mécanisme que 
leur combinaison avec l’Hydrazide. Avec WILLIAMS et ABDULIAN (1956) 
ils pensent qu’ils agissent par une fonction liée aux réactions métaboli- 
ques mettant en jeu le Pyridoxal. N’en serait-il pas de méme pour les 
sels de l’acide aspartique? Mais alors, comment expliquer que la vit- 
amine B,, comme nous l’avons constaté, ne change en rien l’action pré- 
judiciable de ]’Isoniazide sur la protection apportée par les sels de l’acide 
aspartique contre les convulsions provoquées par le CINH,, alors que 
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par ailleurs |’Isoniazide utilisée isolément n’abaisse pas le seuil de ces 
convulsions ? 

Il faut pour cela rappeler des travaux touchant de prés le sujet qui 
nous occupe, réalisés récemment par Kiam et al. (1957). Ces auteurs 
ont recherché le taux des amino-acides présents dans le cerveau aprés 
convulsions dues & la Semicarbazide. Ils trouvérent une quantité réduite 
de fagon significative du seul acide gamma-amino-butyrique (G.A.B.A.), 
alors que le taux de l’acide aspartique en particulier n’avait pas changé. 
Ils ont également étudié l’inhibition par les Hydrazides des certains 
enzymes, la |-glutamique décarboxylase, la 1-Cystéine désulfhydrase et 
la glutamique-aspartique transaminase. In vitro, les Hydrazides y 
compris l’Isoniazide, sont de puissants inhibiteurs de ces trois enzymes. 
Par contre, in vivo, ces agents n’influencent pas l’activité de la l-cystéine 
désulfhydrase et de la glutamique-aspartique transaminase alors qu’ils 
inhibent la |-glutamine décarboxylase. Mais cette inhibition est com- 
plétement renversée in vivo et in vitro par l’addition de vitamine B,. 
Ces faits font penser 4 KriLaM et Bary, puisque la transaminase glutami- 
que-aspartique et la |-glutamine acide décarboxylase sont toutes deux 
catalysées par le coenzyme phosphate de pyridoxal, que dans le premier 
cas l’apoenzyme est saturé avec le coenzyme et que leur liaison est stable. 
Il n’en serait pas de méme dans le second cas. En effet, la transaminase 
n’est pas stimulée par l’adjonction de phosphate de pyridoxal, et les 
produits finaux de la réaction entre aminoacides et l’enzyme ne sont pas 
altérés par les Hydrazides chez l’animal intact. 

Cette opinion concorde avec nos résultats qui montrent que I’in- 
jection de vitamine B, n’améliore ni l’efficacité des sels de l’acide asparti- 
que envers les convulsions dues au CINH,, ni leur toxicité propre, ni 
la diminution de leur action protectrice contre le CINH, par |’Isoniazide. 
Ainsi, pour Kitiam etal. l’action inhibitrice des Hydrazides porte 
essentiellement in vivo sur la décarboxylase de l’acide |-glutamique. Cet 
enzyme est celui qui forme l’acide gamma-amino-butyrique (G.A.B.A.) 
& partir de l’acide glutamique. Or, de nombreux auteurs ont mis récem- 
ment en évidence le réle probable de cet acide comme régulateur de 
lactivité du systéme nerveux central. BazeMoRE et ExLiotr (1956) 
pensent qu’il s’agit du principe inhibiteur central isolé par FLoREy (1953). 
Ainsi, l’inhibition de sa synthése cérébrale par |’Isoniazide inhibant la 
décarboxylase de l’acide ]-glutamique, serait 4 l’origine des convulsions 
dues & l’Isoniazide. Purpura et al. (1957) ont montré que le G.A.B.A. 
était un régulateur de la transmission nerveuse. Ils ont appliqué cet 
amino acide a la surface du cortex cérébral et ont constaté une inhibition, 
puis une inversion de la composante négative de la réponse corticale, 
de la réponse transcalleuse et du recrutement. Ki~Lam (1958) a con- 
firmé ces résultats en montrant que la Thiosemicarbazide qui bloque 
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la synthése du G.A.B.A. augmente l’intensité des potentiels négatifs 
de la surface du cerveau, qui disparaissent par l’injection de vitamine B, 
ou l’application de G.A.B.A. au niveau des électrodes. Les études sont 
encore trop récentes pour attribuer un réle défini au G.A.B.A. dans le 
fonctionnement cérébral, mais ce réle est probablement considérable. 

Or, il est intéressant de rappeler la chaine des réactions dans laquelle 
il se trouve situé. L’amination de l’acide «-cetoglutarique, intermédiaire 
du cycle de Krebs, aboutit 4 la formation de l’acide glutamique. Celui-ci, 
décarboxylé, donne le G.A.B.A. Mais Brssman et al. (1953) ont montré 
que celui-ci pouvait étre transaminé avec plus d’acide «-cetoglutarique 
pour former de la semialdehyde succinique et cette derniére hydratée 
pour former le succinate. I] s’agit done d’un véritable cycle accessoire 
qui peut court-circuiter le cycle de Krebs entre l’acide «-cétoglutarique 
et le succinate (K1LLAM 1958). «Or cette étape du cycle tricarboxylique 
a été considérée comme la réaction limitant la vitesse du cycle. Ainsi, 
la vitesse du cycle entier pourrait étre régulée par celle de ce cycle acces- 
soire. Enfin, cette position du cycle tricarboxylique est également im- 
portante parce que la glutamine est la seule substance capable de passer 
librement la barriére hémato-méningée et représente donc un mécanisme 
de réapprovisionnement en substrats pour le cycle tricarboxylique 
cérébral & partir du sang circulant» (KILLAm 1958). 

De plus, dans toutes les lignées animales le G.A.B.A. est uniquement 
rencontré dans le cerveau. En effet, l’°enzyme qui en assure la synthése, 
la l-glutamique décarboxylase, est uniquement cérébrale, tandis que son 
enzyme de destruction, la transaminase, se trouve dans tous les organes, 
surtout le foie (RopErTs 1956). Ainsi, le G.A.B.A. injecté a la péri- 
phérie, ou ne passe pas la barriére hémato-méningée, ou est détruit 
immédiatement. Il n’a done aucun effet central. 

Ces faits étaient importants 4 signaler car on peut se poser la question 
de savoir si les sels de l’acide aspartique ne sont pas capables de s’intro- 
duire dans ce cycle accessoire quand on connait la similitude de fonctions 
biochimiques qui unit acide glutamique et acide aspartique, la glutamine 
et l’asparagine. La transamination de l’acide aspartique en acide gluta- 
mique exige la présence d’acide «-céto-glutarique. Elle en demande 
d’autant plus qu’il y a d’acide aspartique, car: 

cide aspartique + Acide «-cétoglutarique 
== Acide glutamique + Acide oxalo-acétique. 

Il n’est pas exclu de penser que l’acide «-cétoglutarique utilisé dans 
la transamination ci-dessus ne pourra guére servir 4 la transamination du 
G.A.B.A. dont le taux, de ce fait, diminuera beaucoup moins rapidement. 

En terminant, nous voudrions dire que nos résultats expérimentaux 
poussent, semble-t-il, 4 envisager |’essai des sels potassiques et magné- 
siens de l’acide aspartique dans le traitement de la maladie épileptique. 
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Resumé 


Les auteurs montrent, chez le Rat: 

1. Que l’injection de vitamine B, (500 mg/kg) n’influence pas la. 
D.L. 50 des sels potassiques et magnésiens de l’acide aspartique (solution 
& 10%: (4% sel de K + 6% sel de Mg). 

2. Que l’injection de vitamine B, (500 mg/kg) n’influence pas la 
protection due aux sels de l’acide aspartique contre l’intoxication aigué 


au CINH,. 
3. Que I'Isoniazide (5 mg/kg) diminue considérablement cette 


protection. 

4. Que Il’Isoniazide (5 mg/kg) n’influence pas le délai d’apparition 
des crises convulsives et de la mort due a l’injection de CINH,. 

5. Que les sels de l’acide aspartique retardent considérablement les 
convulsions et la mort provoquées par des doses massives (750 mg/kg) 
d’Isoniazide. 

Ces résultats sont discutés et leur interprétation recherchée. L’inter- 
vention de l’acide aspartique dans les processus métaboliques liés a 
lacide gamma-amino-butyrique est envisagée. 
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and Meprobamate on Critical Frequency of Flicker 
under Two Different Surround Illuminations 
By 
Satoru 
With 1 Figure in the Text 
(Received April 12, 1959) 


I. Introduction 

In a recent paper, Lanpts and ZuBrn (1951) report the effects of 
phenobarbital on critical frequency of flicker (c.f.f.) in human subjects. 
They found a significantly lower c.f.f. under this drug for a test field 
subtending a visual angle of 2° when a Light-Dark Ratio of 1 to 1 was 
used. They failed to find any such drop, however, with a strobotacti- 
cally produced flicker field which was of the same size but with a Light- 
Dark Ratio of 1 to 547 measured near the fusion point. They believed 
that the difference was due to different light to dark ratios used in the 
two tests. However, the conditions in the two tests differed also in 
respect to colour of the test stimuli used (i.e. the first one was white 
and the second one red-orange) and in illumination of the surrounding 
fields (the ratio of luminance of the surrounding field to that of the 
test field was 10 to 1 in the one case and 3 to 2 in the other). Although 
the difference in colour of the test fields may not be important, as they 
suggest, the difference in the surround luminances, both in relation to 
the luminances of the test fields, and in absolute values (which was 
27.6 mL in one and 9.3 mL in the other in their study), might have 
some importance. Without a specific study on these effects, therefore, 
their interpretation asserting that the different Light-Dark Ratios were 
responsible for the different results in the two tests may not be valid. 

In general, c.f.f. at constant photopic stimulus intensities rises with 
an increase in steady surround (or equivalent adjacent field) illumination 
until the Talbot level of luminance is reached (SCHENCK 1896; LYTHGOE 
and TansLeY 1929; Creep and 1932; GeLparp 1934; Fry and 
BartTLey 1936; BerGer 1954). Beyond this point, c.f.f. decreases with 
an increase of surround luminance (LYTHGOE and TaNnsLEy 1929; Fry 
and BarrLey 1936; Bercer 1954). However, in the foveal area, if the 
test field exceeds 1°, c.f.f. becomes relatively independent of this effect 
(BERGER 1954). In peripheral locations, the drop in c.f.f. is still marked 
with a 1° test field (LyTHGoE and TansLEY 1929). Although the effect 
of the size of the surrounding field on c.f.f. has never been systematically 
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studied, workers agree that the area immediately adjacent to the flicker- 
ing field is most decisive in determining the relationship between c.f. f. 
and the surround luminance (BERGER 1954; Fry and BartTLey 1936). 
As the illuminated surrounding field is drawn farther and farther away 
from the flickering field, the effect becomes less and less (FRY and 
BarTLeY 1936; Granit and Harper 1930), and, more notably, the 
lowering of c.f.f. with surround luminances higher than the Talbot 
level disappears altogether (GELDARD 1932; Fry and BarTLey 1936). 
Thus it appears that the most decisive factors are the luminance of 
the surrounding field compared to that of the test field, and the contiguity 
of the surrounding field to the test field. 

Although LyTHGokE and TaNsLEy’s (1929) view that surround illumi- 
nation increases the level of light adaptation is probably true under 
certain conditions, this constitutes by no means the whole of the effect 
of the surrounding field upon c.f.f., as CREED and Rucu (1932) have 
pointed out. Whether one postulates neural summation in explaining 
the rise of c.f.f. with an increase of surround illumination, like GRAHAM 
and Granit (1931) and Creep and Rucu (1932), or attempts inter- 
pretations in terms of simultaneous brightness contrast or meta-contrast 
as did Fry and Bartiey (1936) and ALPERN (1953), the effect most 
probably involves some sort of lateral neural interaction between the 
regions of the retina corresponding to the test and surrounding fields. 
In view of the recent electrophysiological evidence (KUFFLER 1953; 
BarLow, FirzHueGH and KvuFFLER 1957), the neural interaction involved 
there is most likely to be of an inhibitory character, and consequently 
Fry and BartLey’s type of explanation (in which the rise of c.f.f. is 
explained as due to the enhanced dark phase) gains some ground over 
others which explain the effect in terms of summation. If their expla- 
nation is correct, then the c.f.f. surround effect may be closely related 
to brightness discrimination (under light adaptation) which most prob- 
ably involves simultaneous brightness contrast, and also to some pheno- 
mena in vision which presuppose some form of lateral inhibition, i.e., 
metacontrast (STIGLER 1910; ALPERN 1953) and BripWELL’s colour 
reversal phenomenon (BIDWELL 1896, 1897). 

Recently, there have been reports of some drug studies which suggest 
that the lateral inhibitory interactions in the retina (or elsewhere in 
the visual system) might be enhanced by some central depressant drugs 
such as Amytal and Nembutal. In one series of studies by Eysenck 
and Arpa (1957) and Arpa (1959), the effects of Sodium Amytal, as 
well as Dexedrine, on the Bidwell phenomenon mentioned above, were 
studied. Sodium Amytal raised the threshold of the primary coloured 
stimulus (enhanced colour reversal effect), suggesting that there was an 
increased lateral (and/or temporal) inhibitory interaction under this 
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drug. Dexedrine produced an exactly opposite result. Another study 
is by Trent (1947) in which he showed Nembutal to enhance contour 
acuity, and, as this contour acuity is basically a differential brightness 
threshold for a ring-shaped test object, this may be regarded as further 
evidence for the action of central depressant drugs in enhancing lateral 
inhibitory interaction in the visual system. 

The purpose of the present experiment is to find out whether the 
depressant drug (Sodium Amytal) would influence the effect of illumi- 
nated surrounds on c.f.f. in a way expected from some previous psycho- 
physical experiments in other fields. More specifically, the experiment 
was designed to test our hypothesis that, when the surround luminance 
is equal to or just below the test field luminance and both fields are 
above photopic level of luminance, the c.f.f. would be raised, rather 
than decreased, by this drug because of the more pronounced darkness 
of the dark phase of the flicker due to enhanced contrast. Similarly, 
it should be able to answer our question whether the c.f.f. would be 
lowered by the same drug when the surround luminance is higher than 
the test field luminance, because it would then be mainly the light 
phase of the flicker that suffers depression. The effects of meprobamate 
and of Dexedrine were also tested, to see, in the case of the former, 
whether another similarly acting central depressant drug (EyYsENcK 
1959) would produce the same effect as Soduim Amytal or Nembutal, 
and in the case of the latter, whether a central stimulant drug would 
produce an exactly opposite effect to the central depressant, as it did 
in the Eysenck and Arpa (1957) and Arsa (1959) experiments. 


II. Method 

The stimuius used consisted of a circular flickering source centred 
on an illuminated circular surrounding field. The stimulus, together 
with the surrounding field, subtended a visual angle of 5°, while the 
flickering source itself subtended a visual angle of 40’. The two levels 
of luminances employed for the surrounding field were 2.4 and 94.2 mL 
respectively. The colour temperature of both surrounds was approxi- 
mately 3500° K. The flickering source which was red-orange in colour 
having neon light spectrum had an apparent brightness of 2.9 mL when 
flickering just above fusion. The subject viewed the flickering source 
and its surround centrally by means of a small black fixation point. 

Four sets of flicker determinations were made following 10 min 
preliminary dark-adaptation. Each set of measurements was, in its 
turn, begun with 2!/, min light adaptation of the eye to the surrounding 
field and the flickering light, the latter being set above the fusion point. 
Of the four, the first and last sets of measurements were obtained with 
the bright surround, and the second and the third ones with the dim 
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surround. This order was chosen to ensure that a practice or any similar 
effect occurring in the course of the experimental session that might 
otherwise affect the expected differential c.f.f. under the two surrounds 
could be eliminated statistically. The intervals between the first two 
and the last two sets of measurements were both 2 min, and that between 
the second and the third ones was 5 min. The subject was dark adapted 
during each of the intervals. Each set of measurements was made up 
of 6 flicker determinations based on the method of limits. Of 


these, 3 were descending and the other 3 ascending series, running 
in alternation. In the descending 


Ov series, the flickering light was 
‘\ first presented well above the 

fusion point and then lowered 
FP \ x slowly until the subject reported 


the start of flicker; in the ascen- 
2; ding series it was altered in the 
opposite direction, starting from 
very obvious flicker and ending 
q when the subject saw fusion. 
\ 4  Ineach case, the frequency was 
varied at a constant rate of 
approximately 1/, eps. in every 
Fig.1 second throughout the experi- 

ment. 

Both during light adaptation and flicker observation, the subject 
viewed the field monocularly through a 2mm diameter artificial pupil 
placed immediately in front of the subject’s eye. This was done to 
eliminate possible variation due to differences in pupil size. With each 
subject, the preferred eye was used. 


The subject had preliminary practice in making judgments of the 
flickering source under conditions similar to those of the actual experi- 
ment, except for the intake of the drugs, at the beginning of each of the 
experimental days. 


A schematic diagram of the apparatus is shown in Fig. 1, from which 
it will be seen that it consisted of two parts, one system for providing 
the illuminated background, and a second system for providing the 
flickering source. The subject, with his eye placed immediately behind 
the artificial pupil, A, viewed the flickering source, N, directly and the 


background ‘surround) by reflection in a very thin glass plate, M, 


placed at 45° to his line of regard. The part of the background corre- 
sponding to the flickering field was occupied by a black circle painted 
on a plain glass plate placed at G so that the luminance of the flickering 
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field couid be independent of the surround illuminations. The illumi- 
nation for the surround was provided by a 250-watt projector lamp, 
P, which, in conjunction with the projection lenses, uniformly illumi- 
nated the surface of a screen, 8, 4 x 6 in. in size, which was made 
from a thin aluminium plate and was covered evenly with deposited 
magnesium oxide coating. Luminance of the surrounding field was 
dependent upon the angle of incidence of light from the projector lamp 
upon the screen. In the present experiment, that angle was fixed at 
40°. As the coating of magnesium oxide gives a nearly perfect diffuse 
surface, the direction of viewing of the screen does not matter very 
much, although, in our set-up, the angle between that direction (after 
being deflected at M), and the direction of the light from the projector 
lamp was kept at 90°. In addition to it a neutral density filter was 
inserted at F2 when the dim surround was required in the experiment. 
The size of the surround was limited by a diaphragm, D2, and its colour 
temperature was raised by a combination of Wratten Light Balancing 
Filters (82B, 82C) at FC. The illumination for the flickering source 
was provided by a Mazda Type-C neon lamp, N. Light from N was 
collimated by the lens, L1, the parallel beam was then picked up by 
a second lens, L2, which converges it to a focus in the plane of the 
artificial pupil, AP. An eye placed behind AP thus saw the lens, L2, 
uniformly filled with light. The size of the flickering source was limited 
by a diaphragm at D1, while its luminance could be varied by a neutral 
density filter at Fl. A fixation point was provided by a very small 
black spot painted on a clean glass plate inserted at FP. The flicker 
was generated by an electronic device (the circuit consists of a blocking 
oscillator providing pulses applied to an Eccles-Jordan bi-stable multi- 
vibrator) which was connected to the neon lamp. The Light-Dark Ratio 
thus produced was approximately 1 to 1 over the entire range of fre- 
quency. 

The drug details were as follows: one of the following drugs was 
given to the subject in the morning on each day, and the same one was 
again given to him about one hour after lunch. 


1. Dexedrine (dextro-amphetamine sulphate), 

2. Sodium Amytal (sodium amylo barbitone), 

3. Meprobamate (2-methyl-2-n-propyl-1,3-propaneidiol-dicarbamate), 
4. Placebo (lactose). 


Doses of the respective drugs given in the morning were as follows: 
1. 10 mg; 2. 180 mg; 3. 200 mg and 4. 450 mg. Doses given in the after- 
noon were half those given in the morning, except in the case of 4, 
whose dose was identical on both occasions. All the drugs were given 
each time in two identically appearing capsules and taken orally. 
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Of eight subjects, four started the experimental session in the 
morning, approximately 30 min after the intake of the first portion 
of the day’s drug, while the other four started about the same length 
of time after the intake of the second portion of the drug in the after- 
noon, These subjects were engaged in different experiments during the 
preceding morning. The subject came for testing on four consecutive 
days, receiving a different drug each day. To avoid any positional 
effect, the drugs were given to each subject in a balanced randomized 
order. 

The subjects were intelligent, normal adults from various walks of 
life, and all had volunteered for the test. The age ranged between 22 
and 49, with a mean of 34.5. None had gross anomalies of vision and 
all had a visual acuity of 0.9 or better, either uncorrected or corrected, 
as measured by a Snellen chart. 


Ill. Result 
The results were analyzed separately in reference to: (1) the c.f.f. 
in the descending series; (2) the c.f.f. in the ascending series; (3) the 
mean of the c.f.f. in the descending and ascending series. This separate 
approach was taken, for it was felt that the ascending and descending 


Table 1. The outcome of the analyses of variance for the c.f./. in the descending (1) 
and the ascending (2) series, as well as for the mean of these two (3) 


Variance ratio 
Source d. f. 
(1) (2) (3) 

3 14.353 *** 3.196 * 9.238 *** 
Bet. Surrounds. ... . l 82.629 *** 53.727 *** 81.964 *** 
7 2.027 20.635 *** 23.789 *** 
Bet. Days (within Sur- 

BPO 6 2.108 4.659 ** 3.269 *** 
Interaction 

Bet. Surrounds and 


* Significant at 5%; ** significant at 1% ; *** significant at 0.1%. 


measurements are not exactly comparable in so far as the physiological 
and psychological conditions involved are concerned. Although the eye 
was adapted, before the ascending measurements, to the flickering source 
set above fusion, it may not be considered strictly equal to starting 
measurements directly from that state as in the descending series — in 
the latter case, the adaptation is more direct and immediate. Moreover, 
some subjects expressed difficulty in making precise judgments in the 
ascending series. Many reported fusion only to reverse tne judgment a 
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moment later, asserting that they responded to it too prematurely. In 
these cases, the measurements were repeated. 

The outcome of the analyses of variance for (1), (2) and (3) is given 
summarily in Table 1. 

As can be seen from it, the effect of the drugs was very marked and 
produced a significant variance ratio in all three analyses, although it 
is more marked in (1) and (3), especially in (1). 

The mean c.f.f. for each 
drug based on (1), (2) and (3) Table2. The meanc.f.j.’s (inc.p.s.) for 
are given in Table 2. the three drugs and the placebo 

The facilitatory effect of [(1), (2) and (3) as in Table 1) 
Dexedrine and the depressive (1) (2) (3) 
effect of Sodium Amytal and 


of meprobamate are clearly seen, 
although in (2) the position of Meprobamate . . | 23.22 | 24.17 | 23.69 


the placebo and Dexedrine are ‘Sodium Amytal . | 22.03 | 23.54 | 22.78 


reversed. 
The differences between th eabove means were tested by Duncan’s 


New Muitiple Range test (1955) separately for (1), (2) and (3), and the 
results are shown in Table 3. 


Table 3. The outcome of the Multiple Range Test between mean c.j.f.8 shown in 


Table 2 

(2) (3) 
Placebo—Meprobamate ..... N.S. N.S. 
Placebo—Dexedrine ....... N.S N.S 
Placebo—-Sodium Amytal .... 
Sodium Amytal—Meprobamate . . N. S. 
Dexedrine—Meprobamate. .. . . N.S. 
Dexedrine—Sodium Amytal .. . 


* Significant at 5% ; ** significant at 1%; N. S. insignificant. 


The differences between the placebo and Sodium Amytal, and 
Dexedrine and Sodium Amytal, are all significant. On the other hand, 
in none of the comparisons are the differences between the placebo and 
meprobamate significant. Thus it appears that, under the conditions 
of the present experiment, Sodium Amytal is most effective in altering 
c.f.f. and meprobamate least, Dexedrine coming in between them. 

The c.f.f. in the descending series, i.e. (1), appears to be the most 
sensitive index for the differential effects of the drugs, for it produced 
the largest variance ratio for drugs and the number of the items that 
came out significant in the Multiple Range Test was largest in it, and 
yet the variations between days and individuals in it are smallest of 
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all. Residua! (error) variances in (1), (2) and (3), however, are not 
significantly different from each other. 

The effects of the surrounds are also proved to be highly significant, 
i.e., either the bright surround depresses c.f.f. or the dim surround 
enhances it (or both). However, the interaction between the effect of 
the drugs and the effect of the surrounds is not significant. Never- 

theless, as shown in Table 4, when 
Table 4. Differences between the ¢.f.f. under the bright surround 


is subtracted from the c.f.f. under 
cebo [(1), (2) and (3) asin Tabl21] the dim surround, this difference 


is consistently larger under Sodium 
Dexe- Sodium | Mepro- 
drine | Amytal/}bamate Amytal than under any other drug 
or the placebo. No systematic ten- 


(1) | 1.203 | 1.385 | 1.448 | 1.187 
(2) | 0.859 | 0.880 | 1.203 | 0.990 dency was found with any other 


(3) | 1.032 | 1.113 | 1.331 | 1.089 drug. 


Placebo 


IV. Diseussion 

As was explained in the introduction, if the depressant drug enhances 
lateral inhibitory interaction, then it should either raise or lower c.f.f. 
depending upon the luminance of the surrounding field relative to that 
of the test field. If the luminance of the surround is equal to or below 
that of the test field, c.f.f. should be raised. On the other hand, if the 
luminance of the surround is above that of the test field, c.f.f. should 
be lowered. (In both cases, by the rise and/or the fall of c.f.f. is meant 
the change in c.f.f. from that under the placebo.) However, there is 
another possibility, i.e., the same drug may lower c.f.f. regardless of 
the surround conditions, as it did in many studies done without any 
surround (e.g. ScumipTKE 1951). Apparently our results point pre- 
dominantly to that direction. In other words, the surround did not 
alter the basic picture of the action of the depressant drug, i.e., one 
in which c. f.f. is consistently lowered under diverse externa] and internal 
conditions (BerG 1949; ScumipTKE 1951; Lanpis and Zuprin 1951; 
Ropack, Krasno and Ivy 1952). Our finding with Dexedrine is also in 
agreement with earlier studies using similar drugs, i.e., c.f.f. is markedly 
raised (Srmonson, ENzER and BLANKSTEIN 1941; Stmonson and ENZER 
1942; ApLer, BurKHaRDT, Ivy and 1950; Ropack, Krasno 
and Ivy 1952). 

As there are some indications that c.f.f. is influenced by factors 
operating in the visual system higher than the retina itself, as shown 
with binocular stimulation techniques by SHERRINGTON (1904), VERNON 
(1924), Crozier and WoxF (1941) and Baker and Bort (1951), or with 
inter-sensory stimulation by BoGosLovski (1938), Kravkov (1940), 
Stmonson, Fox and Enzer (1941) and Knox (1945), it is not surprising 
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that these drugs which have very strong effects on higher centres should 
have affected c.f.f. However, the actual mechanism of the actions of 
the drugs are not clearly known yet. If c.f.f. is related to the ability 
of the visual cortex to synchronize its activity with the incoming train 
of impulses evoked by the test stimuli, as Bartiey’s (1936) neuro- 
physiological study suggests, it is possible that this synchronization can 
occur at higher frequencies when the normal spontaneous activity of 
the cortex is replaced by a very fast one under the influence of the 
amphetamine, and the opposite happens when the cortical activity is 
generally slowed down under the influence of barbiturates. Or the 
effect may occur through a change in the recovery periods in the visual 
system. Barbiturates in particular are noted for their marked effect 
in prolonging the recovery periods in the visual as well as other sensory 
systems (GastTaut 1951; Gastaut, Corriot and Roger 1951; 
GastauT and Naquer 1951; JarcHo 1947; ForBes and Morrison 
1939; MarsHALL 1941; MarsHaLL, Woorsey and Barp 1941; JarcHo 
1949; Forspes, Battista, CHATFIELD and Jarcta 1949; and Nakao and 
KoELLA 1956). However, the opposite has not been demonstrated for 
amphetamine yet. 

As for meprobamate, its most prominent action is on the thalamus 
and, in smal] doses, the cerebral cortex is little affected (BERGER 1956). 
However, in larger doses, the cortical activity too is affected and slowing 
down of the frequency and increase of amplitude, rather like those seen 
in barbiturate anesthesia, result (HENDLEY, LyNEs and BrerceEr 1954). 
But the effect is understandably quite small in our experiment, needing 
a larger dose to produce anything comparable to the effect produced 
by Sodium Amytal. 

Thus, our prediction regarding the specific action of the drugs in 
altering the lateral interactions between the test and the surrounding 
fields has not been borne out, and, instead, there appeared general 
depression and enhancement effects under these drugs. However, when 
we took the difference between c.f.f. under the bright and the dim 
surrounds under each drug, it was found that Sodium Amytal produced 
the largest difference. This might well be a manifestation of enhanced 
lateral interaction in the visual system produced by Sodium Amytal, 
which is normally obscured by the far larger general depressive effect of 
the same drug. What actually has happened under this drug could be 
either (a) the c.f.f. being less depressed under the dim surround, or (b) it 
being more depressed under the bright surround, or else (c) both of these 
acting together, due to increased lateral interaction. Whether the ob- 
served effect is related to Danis’ (1956) recent observation that some 
barbiturates enhance all the component responses of the electro-retino- 
gram (in rats) cannot be decided on the available evidence, but is sug- 
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gestive of some connection. Itmay be better, at any rate, not to speculate 
too much about the action of the drug until we obtain more definite results 
from this type of study. It would suffice at present to say that there was 
a tendency under Sodium Amytal for the effect of the surrounds to be 
slightly accentuated, but whether it was a real effect or a mere artefact 
remains to be validated by further work. 


It may be pointed out that, if we had used peripheral locations in 
our study, instead of the fovea, there might have been a different 
result to the one we obtained as regards the interaction between the 
effects of the surrounds and the drugs. If we regard BaRLOw and other’s 
(1957) observation that the lateral inhibition occurs in the light adapted 
retina as a proof that cones play a more important role, then it is reason- 
able to think that the fovea is the most potent site for such a neural 
interaction, and this view may indeed by supported by Granit and 
TANSLEY’S (1948) electrophysiological work. On the other hand, there 
are a few studies which indicate that lateral interactions are more 
pronounced at the peripheral (rod-dominant) areas of the retina (LyTu- 
GoE and TansLey 1929; Granit and Harper 1930; Fry and ALPERN 
1936), and the effect of drugs on the lateral interaction might, if there 
is any, show up more in these areas than in the fovea. For the same 
reason, the use of a still smaller test field (say, 1—3’), which is shown 
to have produced a greater surround effect on the foveal c.f.f. in one 
of BeRGER’s (1952) studies, might be more recommendable in this type 
of experiment. 

Lastly, it might be possible that the~present experiment failed to 
obtain any marked lateral effect of the drugs because the two surrounds 
used, in spite of the large difference in luminances, very little affected 
the pattern of the lateral neural interactions, and the drop in c.f.f. 
under the bright surround is due to increased stray light which is shown 
to have an adverse effect on c.f.f. (BERGER 1954), but not due to any 
change in the lateral interaction in question. However, the initial rise 
of c.f.f. with the increase of the surround luminance (e.g. LYTHGOE and 
TANSLEY 1929) can hardly be explained on this basis. Therefore, com- 
parison between c.f.f.’s with the illuminated surround and without any 
surround (dark surround) would have been better for seeing the differen- 
tial surround effect under different drugs, provided the level of light 
adaptation in these two conditions could be equated. 

I wish to acknowledge with thanks the assistance and encouragement I re- 
ceived from Professor H. J. Eyvseneck and Dr. G. W. Grancer, and for statistical 
advice from Dr. A. E. Maxwevw. For the construction of parts of the apparatus 
my thanks are to Mr.S.E.R.Masie. It must be pointed out, however, that 
the author is responsible for the opinions expressed. Finally, thanks are due to 
The Wallace Laboratories whose grant made this investigation possible. 
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Summary 
The effects on c.f.f. of three drugs, i.e. Sodium Amytal, Dexedrine 
and meprobamate, and of a placebo, were tested for two different sur- 
round luminances, one higher than, and the other about equal to the 
test field luminance. Separate analyses were applied to c.f.f.’s obtained 
in the descending and ascending series as well as on the mean of those 
two. They showed good agreement in general and revealed the following 


results: 

Sodium Amytal lowered c.f.f. under both surround conditions, and 
Dexedrine raised it likewise under both surround conditions. Mepro- 
bamate produced effects similar to Sodium Amytal but not statistically 
significant. When c.f.f.’s were compared for the two surrounds, the 
brighter surround, under all treatments, produced lower c.f.f. than did 
the equal surround. Under Sodium Amytal, however, this trend appeared 
to be slightly more accentuated than under other drugs and the placebo, 


but it was not statistically significant. 

The possible action of the drugs in changing the sensitivity of the 
central nervous system to flicker, as well as in altering the degree of the 
lateral interaction in the nervous system is discussed, and a plan for 
further research under modified conditions indicated. 
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A Study of the Interaction of Electroconvulsive Shock 
with Chlorpromazine and Reserpine in Rats * 
By 
C. B. Exam, E. C. Worrz and W. L. Brown 
With 1 Figure in the Text 
(Received May 19, 1959) 


Recently it has been shown in the case of the albino rat that electro- 
convulsive shock (ECS) interacts with either chlorpromazine or reserpine 
to increase the probability of death as compared to the condition where 
only ECS is administered (Brown et al. 1957; Wortz et al. 1957). 
Clinical literature on human subjects points to some danger of electro- 
convulsive shock therapy in patients under treatment with chlorprom- 
azine or reserpine (Bross 1957; Foster and GayLe 1956; KaLINowskKy 
1956; Weiss 1954). 

Although the nature of the lethal relationship is not altogether clear 
in rats, two findings are suggestive. First, it has been demonstrated 
that if ECS is administered to the drugged subject during and immediately 
subsequent to exposure to an atmosphere of 95 per cent O, +5 per cent 
CO,, the effect is significantly mitigated (WorTz 1957). This result is 
not surprising since ECS inhibits the normal cardiac and respiratory 
functions and consequently the relatively high O, tension of the blood 
at the initiation of shock should postpone tissue destruction resulting 
from stagnant anoxia. 

A second finding of some interest is that those animals which did 
survive the joint administration of reserpine and shock continued living 
for only a short period of time. This period was usually not in excess 
of one week. In addition, these subjects usually give evidence of some 
degree of motor paralysis. Since these findings were not at all character- 
istic of the control subjects, it can be conjectured that the effect of the 
drug is not merely to summate with the effect of ECS but also to produce 
some qualitative differences. This conclusion is based on the fact that 
the shock used in the previous study (WorTz 1957) was of a magnitude 
sufficient to kill four of the control animals. If paralysis is to be regarded 
as an effect intermediate in intensity between survival without ill effect 
and immediate death, then some of the control animals which survived 
should have exhibited paralysis. 

* This work was accomplished at The Radiobiological Laboratory of the 
University of Texas and the United States Air Force, Austin, Texas. 


< 
| 
| 


103 


In the chlorpromazine study (Brown et al. 1957) three dose condi- 
tions were used. The effect of ECS on a high dose group (0.600 mg/gm 
of body weight), a low dose group (0.002 mg/gm), and a contro! group 
was determined. With respect to the dosage variable only two conditions 
were used in the reserpine study (WorTz 1957). These were 0.013 mg/gm 
and the control condition. The question therefore arises as to whether 
the obtained results were specific to the dosages given. With the view 
of obtaining further information pertaining to the functions which are 
characteristic of reserpine and chlorpromazine a reasonably wide range 
of dose levels was selected for study in the present experiment. 


Methods and Materials 

Subjects. Three hundred and twenty experimentally naive male 
albino rats of the Sprague-Dawley strain served as subjects in this study. 
They were relatively homogeneous with respect to age, condition, and 
weight. The range of ages at the time of data collection was from 120 
to 140 days (average, 130). 

Apparatus. The generator used to deliver ECS has been described 
elsewhere (Hayes 1948). It delivered a 60-cycle AC, 1800 V., 175 milli- 
amp current. The duration of an impulse was held constant to 0.2 seconds. 
The current was delivered by means of electrodes clipped to the ears of 
the subjects. 

Those subjects which were given a mixture of O,-+ CO, immediately 
before and during the administration of ECS were enclosed within a 
glass jar during this period. The top of the jar contained holes for the 
entry of the electrodes and oxygen tube. The oxygen-carbon dioxide 
mixture was fed in at the bottom of the container and was allowed to 
escape through the holes in the top. The gas mixture was introduced 
into the chamber at a continuous flow of 7 liters per minute in order to 
insure identical atmospheric conditions for the subjects which received 
this treatment. 

Procedure. A table of random numbers was used in placing the ani- 
mals into their respective groups. Ten animals were assigned to each 
group. 

Three hours prior to ECS administration each subject was given an 
intramuscular injection of one of the drugs or of the placebo (H,0). 
Since water, injected parenterally, is not altogether innocuous, a placebo 
of normal saline would have been preferable. The use of water, however, 
can be justified since it would tend to obscure the true difference be- 
tween the placebo and drug groups rather than magnify them. The 
amounts given varied in accordance with the conditions described in 
Table 1. Control groups given drugs or placebo but without being 
shocked were deemed unnecessary to this experimental design since 
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drug doses of the magnitude described here had frequently been admini- 
stered to other animals in the laboratory without manifesting any 
permanent debilitation. 


Table 1 
Group Drug Quantity Atmosphere N Survival 
Desig. mg/em 
P . Placebo Normal 10 10 
OP Placebo 95% O,+ 5% CO, 10 10 
C, Chlorpromazine | 0.0026 Normal 10 3 
C, Chlorpromazine | 0.0052 Normal 10 1 
C; Chlorpromazine | 0.0078 Normal 10 4 
C, Chlorpromazine | 0.0104 Normal 10 4 
C; Chlorpromazine | 0.0130 Normal 10 2 
oc, Chlorpromazine | 0.0026 | 95% O,+ 5% CO, 10 10 
oc, Chlorpromazine | 0.0052 | 95% O,+ 5% CO, 10 9 
oc, Chlorpromazine | 0.0078 | 95% O,+-5% CO, 10 10 
oC, Chlorpromazine | 0.0104 | 95% O,+ 5% CO, 10 8 
OC; Chlorpromazine | 0.0130 | 95% O,+4-5% CO, 10 8 
R, Reserpine 0.0026 Normal 20 16 
R, Reserpine 0.0052 Normal 20 18 
R, Reserpine 0.0078 Normal 20 14 
R, Reserpine 0.0104 Normal 20 15 
R, Reserpine 0.0130 Normal 20 6 
OR, Reserpine 0.0026 | 95% O,+ 5% CO, 20 20 
OR, Reserpine 0.0052 | 95% O,+5% CO, 20 20 
OR, Reserpine 0.0078 | 95% O,+ 5% CO, 20 20 
OR, Reserpine 0.0104 | 95% O,+ 5% CO, 20 20 
OR, Reserpine 0.0130 | 95% O,+ 5% CO, 20 14 


Animals which received the 95 per cent O, + 5 per cent CO, mixture 
were placed into this atmosphere 60 seconds before ECS administration. 
At the termination of shock they were immediately removed from the 
glass container and were allowed to recover or expire under normal atmos- 
pheric conditions. The gas chamber used was approximately 4,000 CC 
in volume while the rate of delivery of the O, + CO, mixture into the 
chamber was held at about 7,000 CC per minute at atmospheric pressure. 
This excess was delivered in order to maintain as constant an O,/CO, 
ratio between subjects as was practicable. 

Each subject received 28 separate electrical stimulations to the ears. 
Each stimulation was of 0.2 second dura ion and was calibrated to be 
1,800 volts and 175 milliamperes. Impulses were separated by a 1.8 se- 
cond time interval. 

Results and Discussion 

The outcome of this study is given in Table 2. Figure 1 presents the 
data in graphic form along with certain of the data from the previous 
experiment on chlorprozamzine (BROowN et al. 1957). These later data 
are included since they represent measurements at points on the con- 
tinuum not examined in the present study. 
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Table 2 
Groupes Signifi 
Test com- N pt d.f. cance 
pared 
10 
| Difference between chlorpromazine | C, 10 
groups 10 3.31 N.S. 
C, 10 
B oc, 10 
Difference between chlorpromazine | OC, 10 
in 95% O, + 5% CO, groups oc, 10 1.44 4 N. S. 
OC, 10 
Oc; 10 
C R, 20 
Difference between reserpine groups | R, 20 
R, 20 16.43 4 1% 
R, 20 
R, 20 
| D OR, | 20 
Difference between reserpine in OR, 20 
95% O, + 5% CO, groups OR, 20 25.15 4 1% 
OR, 20 
OR, 20 
E Cc, 
Difference between groups receiving | C, 
chlorpromazine in 95% O,+5% CO, | C, 50 
and groups receiving chlorpromazine | C, 
in normal atmosphere C, . 
vs 112.38 1 1% 
oc, 
oc 
oc, |} 5 
oc, 
OC; 
Difference between groups receiving | R, 
reserpine in 95% O,+5% CO, and | R, 100 
groups receiving reserpine in normal | R, 
atmosphere R; 
vs 20.24 1 1% 
OR, 
OR, 
OR, 
OR, 100 
G P 20 
Difference between non-drugged and OP 
drugged groups vs 6.97 1 1% 
All 
other 300 
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Table 2 (Continued) 
Groups Signi- 
Test N x 
da ficance 
H R, 20 
Difference between reserpine groups} R, 20 
excluding group R, R, 20 2.61 3 N.S. 
R, 20 
I R, 20 
Difference between reserpine groups R, 20 
excluding group R, and control group; R, 20 
R 20 
vs 435 | 1 | 5% 
P 10 
J oc, 
Difference between groups receiving | OC, 
either chloropromazine or reserpine | OC, 
in 95% O,+5% CO, and the oc, 
control groups OC, 150 
OR, 
OR, 
OR, 
OR, 
OR; 
vs 1.57 1 N.S. 
20 
OP 
00 
a It appears from an inspec- | 
tion of Figure 1 that in case 
80 of reserpine a discontinuous 
0 function is involved. The first | 
critical dosage for this drug 
3% occurs at a point below the 
S 0.0026 mg/gm dose level. This 
o interpretation is based upon 
S 
s the fact that while there is 


no significant difference be- 
tween the R,, R,, R, and R, 
groups as shown in Test H of 
Table 2, the differences be- 
yf tween these groups when con- 
0 0.0026 00052 000% 000% ao sidered as a whole is signifi- 


Dose level cantly different from the con- 


Fig. 1. Percentage of deaths following FCS for m . 
different dose levels. © Chlorpromazine, @Chior- trol situation (Test I). The 


promazine + 95% O,+ 5% CO,, @ Reserpine, +4 
CO Reserpine + 95% O, + 5% CO, « Placebo,’ Second critical effect appears 


@ Chlorpromazine (previous study) within the 0.0104 to the 
0.013 mg/gm range. Evidence for this conclusion is given by the results 


of Test C in which it is shown that when all of the reserpine groups 
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are simultaneously compared the differences are significant at the 1 per 
cent level of confidence. Added proof to this effect is given by Test D 
wherein a comparison of the reserpine in O, + CO, groups is made and 
a reliable difference is ascertained. 

In the case of chlorpromazine the results of tests A and B suggest 
that the critical dosage lies somewhat below the 0.0026 mg/gm level and 
that the effect is essentially asymptotic within the range of dosages 
employed in this study. It will be seen in Figure 1 that if the data from 
the previous experiment are considered then the 0.0020 mg/gm dose 
probably lies within the critical range. 

These results again reflect the hazard of combining either chlor- 
promazine or reserpine with ECS. This conclusion is based on Test G 
as well as upon the previous studies. 

Since the oxygen-carbon dioxide was introduecd as a mixture in 
the experimental procedures, no conclusion can be drawn concerning 
the effect of either gas alone. 

Finally these results also suggest that while the 95 per cent O, + 
5 per cent CO, atmosphere reduces the effect of drug administration 
it probably does not completely remove it. This conjecture does not 
have sufficient statistical validation, however, as will be seen from the 
results of Test J. 

Summary and Conclusion 

A study was conducted to determine the interactive effects of electro- 
convulsive shock with chlorpromazine and reserpine in rats. Five dose 
levels for each of the drugs were examined and compared with appro- 
priate control conditions. These effects were studied with the subjects 
in an atmosphere of 95 per cent O, + 5 per cent CO, as well as under 
normal atmospheric conditions. 

The results of this experiment are presented graphically and analyzed 
statistically. The results of the analysis indicate the following: 

1. A synergic relationship is obtained when ECS is administered in 
conjunction with either reserpine or chlorpromazine in rats. The depend- 
ent variable used to measure this interaction was the mortality rate 
for the various groups during or immediately subsequent to ECS pro- 
cedures. This finding is in agreement with the results of previous studies 


from this laboratory. 

2. A stepwise function is obtained when reserpine is paired with 
ECS. The first critical dosage occurs below the 0.0026 mg/gm of body 
weight level and the second within the 0.014 to 0.0130 mg/gm range. 

3. The joint administration of chlorpromazine and ECS results in a 
function that isasymptotic within the 0.0026 mg/gm to0.0130 mg/gm range. 

4. When an atmosphere of 95 per cent O, + 5 per cent CO, is made 
available to an animal immediately prior to and during ECS procedures, 
there is a significant reduction in the probability of death. 
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Cross Tolerance 
Between D-2-Brom-Lysergic Acid Diethylamide (BOL-148) 
and the p-Diethylamide of Lysergie Acid (LSD-25) 
By 
Harris E. J. Miner and R. Logan 
(Received June 17, 1959) 


One of the most striking phenomena observed in clinical studies of 
the psychotomimetic effects of p-diethylamide of lysergic acid (LSD-25) 
is the rapid development of nearly complete tolerance (ISBELL et al. 1956; 
ABRAMSON ef al, 1956) to the “subjective” and “‘objective”’ effects when 
the drug is administered daily. It, therefore, seemed of interest to 
determine whether pretreatment with pD-2-brom-lysergic acid diethyl- 
amide (BOL-148), a substance relatively inert as a psychotomimetic 
agent in man (CERLETTI and Roruir 1955; Roruir 1957; Jarvik 
etal. 1955; IsBELL et al. 1959 would attenuate the LSD reaction. 

GINZEL and MaYyEr-Gross (1956) have already reported some pre- 
liminary studies of this sort. They observed no decrease in the sub- 
jective effects of LSD when 0.5 to 1.0 mg of BOL-148 was given intra- 
venously at the height of the LSD reaction. When, however, 2 or 3 mg 
were given during the course of the 24 hours prior to the administration 
of LSD, partial attenuation of the mental reaction caused by LSD 
occurred. Following two days of pretreatment with 2 to 3 mg of BOL-148 
daily, the reaction induced by 50 to 75 meg of LisD was almost com- 
pletely blocked. ABRaAmson ef al. (1958) noted a partial reduction in 
| the degree of the subjective reaction induced by 50 to 75 meg of LSD 
following six to eight days pretreatment with 850 to 1450 mcg of BOL-148 
(total dosage) in 4 subjects. 

Because of the theoretical importance of possible cross tolerance 
between BOL-148 and LSD, especially as related to theories ascribing 
the psychotomimetic effects of LSD to blockade of serotonin, it was 
felt worthwhile to repeat and extend the experiments of GINzEL and 
Mayer-Gross and Apramsen et alusing- methods which would yield 
information on the “objective” effects of LSD-25 as well as information 
on the “subjective” effects. 


Methods 
Subjects. Subjects used for these experiments were all adult negro 
male former drug addicts who were serving sentences for violation of 
the U.S. narcotic laws. All subjects volunteered for the experiments, 
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all were physically healthy, and none presented any evidence of any 
of the major psychoses. All subjects had received LSD-25 on previous 
occasions. 

General conditions. Experiments were conducted in a special ward 
devoted to clinical research. Observations were made by especially 
trained attendants of long experience in observing effects induced by 
LSD and other types of drugs. In experiments in which BOL-148 was 
given for two to five days, the patients received the drug three times 
daily and went about their usual pursuits. On the experimental days, 
they remained in the wards but were free to mix and mingle with other 
patients in a common dayroom if they so desired. 

Drugs! were given orally in solution in 30 cc of cherry syrup. Doses 
of LSD were calculated on a microgram per kilogram basis. The dose 
of BOL was the total dose administered irrespective of body weight. 
Identity of the drugs was unknown to both the patients and observers 
(‘‘double-blind”’ procedure). 

Observations. The following measurements were made hourly from 
6 a.m. to 4 p.m. twice before and eight times after administration of 
LSD: systolic blood pressure, by the auscultatory method, after the 
patient had rested quietly in bed for ten minutes; and pupillary size, 
which was determined under conditions of controlled light and accom- 
modation by comparing the size of the pupils with those of blackened 
circles of known diameter on a printed card. In addition, the patients 
completed, with the help of an aide, a modification® of the questionnaire 
of ABRAMSON ef al. (1955) twice before and ¥/,, 1*/,, 
6'/, and 7'/, hours after administration of LSD. Short mental status 
examinations were performed at intervals and clinical grades* assigned 
according to the system of IsBELL ef al. (1956). | 


1 We are indebted to Dr. R. Brrcner, Sandoz Pharmaceuticals, Hanover, N. J., 
for supplies of BOL-148. 

? The questionnaire consists of 57 questions and includes such items as: Are 
you nervous? Are you confused? Are you having difficulty in thinking? Have 
you had any peculiar experiences ? Do things appear large or small? Is someone 
controlling your mind, etc ? The questionnaire has several disadvantages: it may 
suggest symptoms, and it does not cover all the mental phenomena observed 
after LSD. It had the advantage that a systematic record of certain symptoms 
was obtained at definite intervals before and after administration of the drug. 
The data obtained in the same group of subjects are reproducible and good dose- 
effect responses are obtained after different doses of LSD (Ispxtt et al. 1956). 

8 The clinical grade was based on the mental status examination, and grades 
were assigned according to the following scheme: Grade 0, no reaction; Grade 1, 
anxiety and nervousness without perceptual distortion or hallucinations; Grade 2, 
anxiety, nervousness, and visual perceptual distortion without ‘“‘true” hallu- 
cinations; Grade 3, anxiety, nervousness, perceptual distortion and “‘true”’ hallu- 
cinations, but with insight maintained (patients report that effects are due to 


| 
| 
) 
| 
| 
i | 
i 
| 
| 
j 
— 
| 


111 


Experimental designs. Three separate experiments were done: 

Experiment 1. Simultaneous administration of BOL-148 and LSD-25. 
Fifteen subjects were used in these experiments. Three received 2 mg 
of BOL-148 plus 0.5 meg of LSD-25, 3 received 2 mg of BOL-148 and 
1 meg/kg of LSD-25, 3 received 4mg of BOL-148 and 1 meg/kg of 
LSD-25, 3 received 2 mg of BOL-148 and 1.5 meg/kg of LSD-25, and 
3 received 4 mg of BOL-148 plus 1.5 mcg/kg of LSD-25. On another 
occasion, all subjects received the same doses of LSD-25 but were given 
no BOL-148. The tests were done at intervals of at least one week 
in order to prevent the development of tolerance. The order of adminis- 
tration of LSD-25 with and without BOL-148 was randomized. The 
variations in the doses of BOL-148 and LSD-25 were used to obtain 
preliminary information on dose-effect relationships which might occur. 

Experiment 2. Pre-treatment with BOL-148 for two days. Eight iy 
subjects were used in this experiment. These patients received 1 mg 
of BOL-148 at 8 a.m., 4 p.m. and 10 p.m. for two days prior to being 
“challenged”’ with LSD-25. On the morning of the third day they 
received an additional milligram of BOL-148 at 6 a.m. At 8 a.m. on test 
day they were challenged with 1 mcg/kg of LSD-25. On another occasion, 
all these patients received BOL placebo three times daily for two days and : 
at 6 a.m. on the test day, after which they were “‘challenged”’ at 8 a.m. é 
with 1 meg/kg of LSD. The order of pre-treatment with BOL and —: 
placebo was randomized. Neither subjects nor observers were aware 
of what medications were being given. 

Experiment 3. Pre-treatment with 3 mg of BOL-148 daily for five 
days. Ten subjects were used in this experiment. It was carried out 
in exactly the same manner as Experiment 2, except that the patients 
received 1 mg of BOL-148 three times daily for five days plus an addi- 
tional milligram at 6 a.m. on the day of “challenge” with LSD. There 
was, of course, a similar experiment in which BOL placebo was given 
with the order of administration of BOL and placebo being randomized 
among the subjects. 


Analysis of Data 
In all experiments the two pre-drug measurements of blood pressure 
and pupillary size prior to administration of BOL were averaged. The 
___value obtained on each of these measurements after administration of 
LSD was subtracted from the pre-drug mean. The area under the 


drugs), and Grade 4, same as Grade 3, except that insight (realization that the 
effects are due to the drug) is lost. The grading system has the disadvantage that 
the various grades may not form a continuous scale. It gives no information 
concerning the quantitative aspects of the symptoms which go inte determining 
the grades. Like the questionnaire, however, it yields reproducible data on repeated 
administration of the same dose of LSD, and good dose-effect responses are obtained. 
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time-action curve composed of these values was calculated by the method 
of WinTER and FLataKer (1950), thus converting all the data for a 
particular experiment, a particular subject, and a particular day to one 
figure. The number of positive responses on the questionnaire was 
counted for the entire period after administration of LSD, eliminating 
positive responses which were also scored positively before the drug. 
Means and standard errors were calculated by standard statistical 
techniques (Epwarps 1946). Differences in the responses on blood 
pressure, pupillary size, questions, and grade after pre-treatment with 
BOL-148 as compared with pre-treatment with placebo were evaluated 
by the t-test for paired observations (EDwarRps 1946). Differences in 
the number of positive responses on the questionnaire and clinical grade 
were also evaluated by a nonparametric test (Wmcoxon 1949). 


Results 


Experiment 1. There were no significant differences between any 
of the measurements when BOL was given simultaneously with LSD 
as compared with the measurements when LSD was given alone. The 
lack of any significant change was apparent at all dose levels with 
LSD and with both doses of BOL. The data for all dose combinations 
were accordingly combined and are presented in Table 1. 


Table 1. Effect of simultaneous administration of 2—4 mg of BOL-148 on the 
reaction induced by 0.5 to 1.5 meg/kg of LSD-25 


Measure’ + (A) + (B) Difference * (B—A) 
Blood pressure* . . . | +115.2+ 0.31 | + 132.8 +1148 | —17.6 +205 
Pupillary size*® ...j} + 19.7+ 134 | + 19.584 158 + 0.124 1.33 
Number of positive re- 
sponses on question- 
60.8 + 11.3 68.1 +14.3 + 7.3 
Clinical gradeS . 19+ 03 15+ 0.24) — 04 + 0.25 


Figures are the means + standard errors of observation on 15 subjects. For 
details of dosage, see text. 

1 For methods of measurement, see text. 

? Caicuiated by method for paired observations. None of the differences 
are significant. The signs indicate a decrease (—) or an increase (+) in the mea- 
surement after pre-treatment with BOL-148 as compared with placebo. 

’ Figures are means + standard errors of areas under time-action curves 
(‘‘mm-hours”’); except in the difference column the signs indicate increases (-+-) 
or decreases (—) in the measurement. 

* Means + standard errors of number of questions scored positively in the 
7'/, hours after the drug, which were not also scored positively before the drug. 

5 Based on scale of 0—4. 
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Experiment 2. In Experiment 2, a tendency to a reduction in all 
measurements was observed after pre-treatment with BOL as compared 
with the responses observed after pre-treatment with BOL placebo. 
The differences however, while strongly suggestive, did not reach 
statistically significant levels. The data are presented in Table 2. 


Table 2. Response to 1 meg/kg of LSD-25 after 3mg of BOL-148 for two days, as 
compared with the response after two days of placebos 


LSD-25 LSD-25 
+ BOL Placebo (A) | + BOL-143 (B) | Diffference* (B—A) 

Blood pressure® . + 109.3 + 12.2 + 77.4+ 16.7 —31.9+ 14.3 
Pupillary size* + 185+ 2.12 +14.6+ 1.56 — 39+ 2.55 
Number of positive re- 

sponses on question- 

92.5 + 24.9 53.1 + 17.6 — 39.4 + 16.7 
Clinical grade* 2.9+ 0.3 2.0+ 0.4 — 09+ 0.55 


Figures are the means + standard errors of observations on 8 subjects. 

' For method of measurement, see text. 

? Calculated by a method for paired observations. None of the differences 
are significant. The negative (—) signs indicate the measurement was reduced 
after pre-treatment with BOL-148 as compared with pre-treatment by a placebo. 

5 See Table 1 for explanations. 


Experiment 3. In this experiment definite attenuation in all the 
aspects of the LSD reaction measured was apparent and all the differences 
were either highly significant (P < 0.01) or significant (P < 0.05). The 
data are presented in Table 3. 


Table 3. Response to I meg/kg of LSD-25 after 3mg of BOL-148 daily for five 
days, as compared with response after five days of placebo 


+ BOL Placebo (A) | + BOL-148 (B) 
Blood pressure*® . + 99.9 +4.17.1 + 50.3 + 11.8 — 49.64+.17.8 
Pup lary size* +16.0+ 1.78 + 96+ 1.65 — 1.88 
Number of positive re- 
sponses on question- 
65.9 + 13.4 27.9 + 13.6 —385 +10.7 
grade*—.. . | _ 20+ G. 09+ 0.45 — 0.45 


Figures are the means + standard errors of observations on 10 subjects. 

1 See text for methods of measurement. 

? Calculated by method for paired observations. The negative (—) signs indicate 
that the measurement was reduced after pre-treatment with BOL as compared 
with pre-treatment with placebo. 

® See Table | for explanations. 

* Significant P < 0.05. 

® Highly significant P < 0.01. 
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Discussion 


Results of the three experiments are very clear. In the doses used, 
BOL administered simultaneously with LSD had no significant effect 
on the LSD reaction. When BOL was administered in repeated doses for 
two days prior to administration of LSD, suggestive but not significant 
reductions were observed in all aspects of the reaction. Administration 
of BOL-148 for five days reduced both “‘objective”’ (blood pressure and 
pupillary size) and ‘“‘subjective”’ (questions and clinical grade) measures 
to a significant degree. There is obviously a correlation between the 
length of the period of chronic administration of BOL and the degree 
of attenuation of the LSD reaction. 

Since simultaneous administration of BOL-148 with LSD-25 does 
not produce any definite attenuation of the LSD-reaction, it seems 
unlikely that the decrease in the effects of LSD-25 after several days 
pre-treatment with BOL-148 is due to simple molecular competition 
between the drugs for receptor sites. The fact that the degree of attenua- 
tion of the actions of LSD-25 increases with an increase in the time 
of chronic pre-treatment with BOL-148 is more compatible with the 
development of cellular tolerance due to some adaptive change in the 
physiological or biochemical activity of neurones which requires some 
time to develop. 

Since some authors have postulated that LSD causes a psychosis 
by blocking the actions of serotonin in the central nervous system, 
and since both LSD-25 and BOL-148 are serotonin antagonists in iso- 
lated preparations of smooth muscle, one might also postulate that 
cross tolerance between BOL-148 and LSD-25 was due to some adaptive 
change involving serotonin actions or metabolism within the central 
nervous system. This possibility, however, seems unlikely. The attenua- 
tion of the LSD-reaction observed after pre-treatment with BOL-148 
is far less than that which occurs after pre-treatment with LSD despite 
the fact that BOL is as potent as LSD as a serotonin antagonist and 
despite the fact that the daily doses of BOL-148 were 20 to 30 times 
greater than those used in developing tolerance to LSD-25 (IsBE.y 
et al. 1956). Moreover, ABRAMSON et al. (1958) found that, although a 
high degree of cross tolerance to LSD can be produced by pre-treat- 
ment with D-1-Methyl-lysergic acid diethylamide (MLD-41), which is 


nearly three times as potent as LSD as a serotonin antagonist but only 
one-third as potent as a psychotomimetic, larger doses of MLD-41 are 
required than was the case with LSD. In addition, we have found, 
in unpublished experiments, that a degree of cross tolerance to LSD 
comparable to that described in this experiment can be developed by 
pre-treatment with 0.5—1.0 mg of D-lysergic acid monoethylamide 
(LAE-32) daily for seven days. LAE-32 is approximately 1/,oth as 


| 
| 
| 
| 


115 


potent as LSD as a psychotomimetic (ISBELL et al. 1959) and */,.th as 
potent as a serotonin blocker. Therefore, no clear correlation exists 
between the development of cross tolerance and potency in blocking 
the action of serotonin on isolated smooth muscle preparations. 

The data, however, do suggest that the ability of MLD-41, LAE-32, 
and BOL-148 may be correlated with their relative potencies as psychoto- 
mimetics. More critical tests of this hypothesis might be gained by 
studying cross tolerance in congeners of LSD-25 that are even more 
inert than BOL-148. Examples of such substances would be 1-Methyl- 
2-brom-D-lysergic acid diethylamide (MBL-61) and 1-Methyl-p-lysergic 
acid butanolamide (UML-491). 

BALESTRIERI (1957) has recently reported that pre-treatment with 
LSD-25 for three to five days in doses increasing to 200—250 mcg 
daily reduced the reaction caused by 0.5 grams of mescaline intra- 
venously. Such a result suggests that development of cross tolerance 
may be more deperident on similarity of pharmacological effect than 
on similarity of chemical structure. 


Summary 

1. Simultaneous administration of 2 to 4 mg of p-2-Brom lysergic 
acid diethylamide (BOL-148) did not reduce the intensity of the reaction 
caused by 0.5 to 1.5 meg/kg of LSD-25. 

2. Pre-treatment of 8 subjects with 3 mg of BOL-148 daily for two 
days caused statistically nonsignificant reductions in all aspects of the 
reaction induced by 1 meg/kg of LSD-25. 

3. Pre-treatment of 10 subjects with 3 mg of BOL-148 for five days 
resulted in statistically significant attenuation of all aspects of the LSD 
reaction that were measured. 

4. The results are more compatible with the development of cross 
tolerance between BOL-148 and LSD-25 than they are with simple 
molecular competition between the two drugs. 
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Studies with a Tritium-Labeled Psychotomimetie Agent* 
By 
L. G. ABoop and F. Rinatpi** 
(Received June 17, 1959) 


A knowledge of the specific localization of a psychopharmacological 
agent within the nervous system not only aids in disclosing its site of 
action but may be contributory to an understanding of its mechanism 
of action. With the application of the gas exposure technique for tri- 
tium-labeling (W1LzBAcH 1957), a considerable number of agents can be 
made radioactive with a minimum of effort and expense. As part of 
an extensive program to develop new psychotropic agents (ABoop et al. 
1958 b; ABoop et al. 1959 b; ABoop and Mepuwna 1958 a) and investigate 
their mode of action, a number of representative compounds were 
tritium-labeled. The present report concerns studies with one of these. 
N-ethyl-3-piperidylbenzilaie (JB 318), which is a psychotomimetic agent 
with anticholinergic properties (ABoop et al. 1958 b). 


Methods 

Tritration of JB 318 was accomplished by exposure of | gram of the 
material to 2 curies of tritium gas for a period of 14 days, after the me- 
thod of WiizBacu (1957). The tritiated material was purified by repeated 
recrystallization from methanol to constant specific activity (2 milli- 
curies/g). Determination of the purity of the material was accomplished 
by paper chromatography, infrared spectroscopy, and biological assay. 
The compound was assayed by measuring the anticholinergic potency 
of the agent on the isolated ileum (ABoop et al. 1959 b). The cen ual 
stimulating action in rats, which was related to psychotomimetic potency 
in humans (ABoop et al. 1959 b) was determined by means of hyper- 
activity cages. The final tritiated derivative, JB 318*, was at least 95% 
pure as determined by both chemical and biological procedures. 

Total body distribution studies were performed on adult male rats 
receiving 10 mg/kg intraperitoncatty of JB318*. The animals were 
sacrified by decapitation; and after thorough bleeding, the organs were 


washed in ice-cold Ringer’s solution, weighed, and homogenized in 
1.5 N perchloric acid. After centrifugation, the acid extracts were neu- 
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tralized with potassium hydroxide and the insoluble potassium per- 
chlorate removed by centrifugation. The supernatant fluid was evapo- 
rated in a drying oven and the dried extract resuspended in 15 ml of 
toluene scintillation fluid containing 0.3% diphenyloxazole and 0.01% 
bis-phenyloxazolylbenzene (Hayes et al.) . After standing overnight, 
the samples were filtered, transferred to vials, and counted in the Packard 
Tri-Carb liquid scintillation spectrometer. Samples were counted with 
a probable error of less than 3%. 

The distribution of JB 318* was studied in the brains of adult male 
albino rabbits, one hour after the intravenous administration of 25 mg/kg 
of the drug. Since this dose of JB318* produced mild analgesia, the 
rabbits could be sacrificed by perfusing 500 ml of saline solution through 
the carotid artery. This procedure also served the purpose of completely 
removing residual blood from the brain. After dissection, the parts 
were frozen, weighed, and homogenized in 10 volumes of 1.5 N per- 
chlorate. The samples were then prepared for the scintillation counter 
as described above. 

Isolation of the cytoplasmic constituents from brain was done ac- 
cording to methods described previously (ABoop et al. 1959a). Mito- 
chondria form other organs were prepared by the method of SCHNEIDER 
et al. (1948), except that 5 x 10°*M ethylenediamine tetracetic acid 
was added to the isotonic sucrose. All fractions were washed once with | 
sucrose before extraction of the JB 318*. The procedure for the in vitro 
studies is described in the corresponding tables. 

Two procedures were used in order to determine whether JB 318* | 

was present in the urine and various organs as a metabolite or unchanged. 
A perchlorate extract of the tissues of rats injected with 10 mg/kg of 
JB318* was prepared as described above. After lyophilization, the 
dried extract was suspended in 3 ml of acetone which quantitatively 
dissolved the JB 318* in the soluble residue separated by centrifugation. 
A fraction of the acetone extract was dried on a sheet of Whatman + 52 ) 
paper, and developed in a solvent of n-butanol:acetic acid: water 
(50:10:10 v—v) by ascending chromatography. A sample of JB 318* 
was run simultaneously, and the spots identified both with brom phenol 
blue and by determining the radioactivity with a radioactive chromato- 
graphic scanner. The remainder of the acetone extract was dried in 
————sgeuo, re-dissolved in Ringer’s solution, and assayed for anticholinergic 
activity on the isolated rat colon in comparison with a known sample 
of JB 318* (Anoop et a. 1959b). 


Results 
The distribution of JB 318* was examined in various organs of the 
rat one hour following a dose of 10 mg/kg (Table 1). Over 90% of the 
drug was present in the urine, while the remainder was largely in the 
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kidneys. Insofar as the amount of the drug in the blood was less than 
1% of the total, the renal threshold was extremely low. Virtually none 
of the drug was excreted by way of the large intestine. Approximatelly 


0.1% of the total drug 
was found in the brain, 


Table 1. Distribution of JB 318* in various organs 


although the concentra- of rat 
tion was not much less 
Total Activity 
than in liver. Wt/g cpm* 
A study was made 
Urine 1.5 | 9300 (3250) | 6200 
of the distribution of Kidney 26 750 (185) | 288 
JB318* at various 12,6 700 (150) 56 
. . . Small intestine 11.0 180 (35) 16 
times following s sg 0.8 95 (25)| 118 
injection(Table2).With- Brain ..... 1.9 90 (56) 48 
in 2 hours approxima- Skeletal muscle? . 4,3 85 (30) 19 
75%. of. the totdl 0.7 85 (28) 120 
Large intestine . | 11.0 70 (15) 6 
drug was excreted, while Pancreas... . 0.2 65 (23) | 323 
at least 96% wasaccon- Faeces... . . 2.0 40 (25) | 


ted for in the urine A dose of 10 mg/kg of JB 318* was administered 
after 12 hours. Although intraperitoneally and the rats were sacrificed 1 hour 
there was a similar drop later. Each value represents an average of 3 animals. 
in th trati f The numbers in paranthesis represent the difference 

and brain between 0.5 ® Includes only fraction of total. 

and 2 hours, the de- 

crease in brain up to 12 hours was considerably less than in blood 


and liver. 
In order to determine whether perchloric acid completely extracted 


JB318* from tissues, various amounts (1—10 yg) of JB 318* were added 


Table 2. Distribution in rats of JB 318* at various times following single injection 


| Activity in cpm/gm % Total 

| 0.5 hr. 2 hours 12 hours 12 Ties 
Tissue 1 2 1 2 1 2 
Blood . 160 120 115 135 25 20 | <0.1 
Urine . | 5200 (40) | 4400 (45) | 15200 (75) | 13000 (70) | 150 160 961 
Kidney | 580 520 250 190 80 | 60 | <0.) 
Liver 210 180 140 65 70+ 
Brain . 109 95 90 92 85 65 | <90.1 


The dose of JB 318* was 10 mg/kg. The values are given for 2 individual rats 


for each time. 
! Total percentage accounted for in urine. The values in parenthesis represent 


the percentage excreted at 0.5 and 2 hr. 


to aqueous homogenates of brain and kidney which were then incubated 
at 0 degrees for 1 hour. Over 95% of the drug was recoverable bythe 
extraction procedure employed in the present study. 
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A study was made of the localization of JB 318* in various regions 
of the rabbit brain (Table 3). The greatest concentration was present 
in the caudate nucleus and next in the hypothalamus. The corpus cal- 


Table 3. Localization of JB 318* within various regions of the rabbit's brain 


cpm gm 
Vesicle Derivative 
1 2 
anterior neocortex. . . . 445 550 
posterior neocortex 359 360 
Telencephalon ippopcampus. .... . 498 450 
white matter ...... 600 620 
corpus callosum... . . 835 800 
corpus striatum... . . 683 375 
caudate nucleus... . . 957 990 
lateralthalamus ... . 600 680 
Diencephalon medial thalamus ... . 670 620 
hypothalamus. .... . 914 1200 
fj] Tegmentum ...... 331 350 
Mesencephalon: Zoot of midbrain...... . |..641 510 
| 
The results are given for 2 separate animals. 
Table 4. Distribution of JB 318* Table 5. Distribution of JB 318* 
in cytoplasmic fractions in mitochondrial fraction of various 
of rat brain rat organs 
1 / y % | 
Fraction ‘whole yon of total in 
brain organ 
Nuclear-Debris 75+ 8 0.6 16 Brain .. 105 65 
Mitochondria . | 375+ 25 3.1 65 Heart . . 150 65 
Microsomes . . | 129+ 12 1.1 3 Liver. . 500 60 
Supernatant. . 87+ 8 | 0.7 16 Kidney . | 3,500 62 
The drug (1 mg) was administered intra- JB 318* (10 mg/kg) was admin- 


cisternally and the animals sacrificed 1 hr. istered intraperitoneally to rats 
which were sacrificed 1 hr. later. 


later. 
The values are given in terms of mean + The values are an average of results 
standard deviation. from 3 separate animals agreeing 
cpm = counts per minute. within 7 per cent. 


losum contained 90% of the concentration of the caudate nucleus, 
while the concentration in the cerebral white matter was greater than 
the cerebral gray. The smallest drug concentration was in regions such 
as the cerebral cortex, cerebellum, pons, and tegmentum. 

The distribution of the drug was studied in the various cytoplasmic- 
fractions of rat brain after intracisternal injection (Table 4). The great- 
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est proportion of the drug was found in the mitochondrial frac- 
tion with the remainder equally distributed between the nuclear- 


debris and supernatant fractions. 
In tissues other than brain the 
mitochondria likewise contained 
the greatest proportion of the 
administered JB 318* (Table 5). 

An attempt was made to 
determine the nature of the mito- 
chondrial binding of JB318* 
by subjecting mitochondria to 
various procedures known to in- 
fluence mitochondrial structure 
and metabolism. Such treatment 
as exposure to dinitrophenol or 
a detergent and incubation at 
37 degrees did not influence bind- 
ing. Prolonged dialysis, freeze- 
thawing, and storing at 0 de- 
grees resulted in about a 20 per 


Table 6. Effect of various procedures on 
binding of JB 318* by rat brain 


mitochondria 
Procedure cpm 
2,550; — 
Dialysis 24hrs. . .. . 2,050; 20 
5 x 10-5MDinitrophenol | 2,475 4 
0.05% Lauryl sulfate. . | 2,530 0 
Incubation 37° for 30° . | 2,350 Ss 
Freeze-thaw 3 times . . | 2,100 17 
O degrees .. ./| 2,000) 23 
0.2 N perchloric acid . . 50 | 98 


Mitochondria from 2 brains were incu- 
bated with 1 mg of JB 318! for 20 minutes 
at 0 degrees and then washed twice with 
40 ml of 0.25 M sucrose-versene. After 
equal amounts of mitochondria were 
subjected to various treatments, the mito- 
chondria ware brought to a volume of 11 ml 
with 0,25 M sucrose-verense and centri- 


cent loss of the drug, while me 6 
exposure to 0.2 N ice-cold per- fuged at 100000 « g for 15 minutes. The 
values are an average of 3 experiments 

chloric acid for a few minutes  ggreeing within 6%. 
completely released the drug. 

Almost all of the JB 318* was recovered unchanged from urine, liver, 
and brain of rats receiving the drug one hour before sacrifice (Table 7). 
Over 90% of the material could be accounted for, employing bioassay, 


Table 7. Recovery of JB 318* from rat tissues 


% recovered unchanged 
Tissue activity paper 
(rat 
Urine (2ml) . . 8,000 85 95 
Liver (2 animals) 420 80 105 
Brain (4 animals) 310 90 93 


A dose of 10 mo * y ini 2 p 


ficed 1 hr. later. The urine was collected from 1 rat, the liver (25 g) from 
2 rats, and the brain (7g) from 4 r.ts. 

whereas from 80—90% was recovered using the technique of paper 
chromatography. Only traces of radioactivity could be detected in other 
regions of the chromatograph. The R, of JB 318* in the solvent system 
used was 0.7. It was not possible to differentiate the extracted JB 318* 
from known samples by either the chromatographic or biological technique. 
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Discussion 

The purpose of the present investigation was preliminary to studying 
the mechanism of action of a series of psychotomimetic agents with 
anticholinergic actions (ABoop et al. 1958b and Apoop et al. 1959b). 
In view of the fact that JB 318* was especially concentrated in regions 
such as the caudate nucleus and hypothalamus, both the neurochemist 
and neurophysiologist might justifiably begin their study by specifically 
examining such regions. Electrophysiological studies are already sug- 
gestive that diencephalic structures are influenced by this class of agents?. 

Since the piperidyl benzilates and their congeners were effective 
anticholinergic agents (ABoop et al. 1959b) it would be of importance 
to learn whether or not their distribution within the central nervous 
system paralleled that of cholinergic receptor sites or acetylcholin- 
esterase. BERNSOHN (1959) has recently made an extensive study of 
the distribution of esterase activity within various regions of the central 
nervous system and has demonstrated that the caudate nucleus and 
putamen contained by far the greatest esterase activity. Although there 
was some parallelism between regions containing the greatest concentra- 
tion of JB 318* and those possessing the high esterase activity, there 
were some outstanding exceptions. Such regions as the corpus callosum 
and cerebral white matter, for example, had relatively low esterase 
activity but had a high concentration of the drug. Since JB 318* is 
extremely lipotropic, regions with a high lipid content would be expected 
to concentrate the drug more readily; however, the pons and medulla, 
which also have a high lipid content, possessed a low concentration. 
In view of the fact that most of the drug is present in mitochondria, and 
the corpus callosum and cerebral white matter contained relatively 
few mitochondria, the intracellular localization of the drug must be 
qualitatively different in such regions. 

The localization of JB 318* in the mitochondria of brain, as well 
as of other tissues, is of particular significance, since acetylcholine is 
largely concentrated in these granules (WHITTAKER 1958). JB318*, as well 
as it congeners possessing psychotomimetic activity, are extremely potent 
antagonists to the action of acetylcholine on smooth muscle. Preliminary 
findings in our laboratory have indicated that both JB 318* and acetyl- 

____ choline are present largely in the mitochondrial fraction of guinea pig | 
ileum. Such observations would suggest that the ‘‘receptor sites’’ for | 
acetylcholine and its antagonists, such as JB 318*, are confined largely 
to mitochondria. Since other neurohumoral amines such as histamine 
(COOPENHAVER et al. 1953), serotonin (WALASZEK and ABoop 1959), 
and nor-adrenalin (BERNSOHN and ABoop, unpublished) are also largely 
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present in brain mitochondria, it would appear that the action of these 
amines, as well as their antagonists, is directly upon the mitochondria. 

The failure of a variety of fairly drastic procedures to release JB 318* 
indicates that the drug is tightly bound to mitochondria. Neither oxid- 
ative phosphorylation nor adenosine triphosphate was necessary for 
fixation of the drug, since most of the procedures almost completely 
inhibited energy synthesis (WaLAszEK and ABoop 1959). In view of 
the fact the mitochondrial lipid was extracted to some extent with laury] 
sulfate, the drug does notseem to be confined to mitochondrial lipid. The 
fact that very dilute perchloric acid readily released the drug suggests 
that it may be bound to protein. 


Summary 
The distribution of tritium-labeled JB 318* (N-ethyl-3-piperidy] 
benzilate) was studied in rats. Over 95% of the drug was excreted by 

way of the kidneys within 2 hours after administration. About 0.1% 

of the total drug was found in the central nervous system with the 

largest cencentration in the caudate nucleus and hypothalamus. Over 

60% was bound to the mitochondria of brain with the remainder equally 

distributed between the supernatant and nuclear-debris fraction. The 

drug appears to be tightly bound to mitochondria, since it is released 
with great difficulty. 
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Toxic Response to 2-Phenyl-3-Methyl Tetrahydro-1, 4-Oxazine 
Hydrochloride “Preludin” in Humans 
By 
A. A. BarTtHoLomew and E. Marry 
With 1 Figure in the Text 
( Received June 10, 1959) 


“Preludin” belongs to the phenylalkylamine series being structur- 
ally related to amphetamine and ephedrine. Early reports alluded to 
its lack of toxicity (SpreGELBERG 1954; Marret 1957) but single in- 
stance of adverse reaction (BETHELL 1957; CLErN 1957; Guiatr 1957) 
as well as two cases of “‘addiction’’ (SEAGER and Foster 1958) have 
been recorded. On a priori grounds it might be anticipated that toxic 
response to the drug would resemble that to other phenylalkylamines, 
a supposition confirmed from our experience with twelve persons mani- 
festing abnormal reaction to the drug. 


Case Material 

The patients included are those in whom an unequivocal diagnosis 

of ‘‘preludin”’ intoxication seemed certain. Theoretically, any patient 
: in whom symptoms persist for more than 

signs and symptoms following . 
withdrawal of “‘preludin” in be excluded. In fact, all symptomatic 
twelve persons suffering from anomalies (attributable to the drug) 
““preludin” intoxication abated within the prescribed period 


Duration (days) (Table 1). The age, sex, diagnosis, dose 
of drug and duration of ingestion for the 
en twelve subjects are shown in Table 2. 

Physical | Mental ; 
signs state The group consisted of two acute reac- 
. . tions to “‘preludin”’ (Cases 1, 6) the rest 
3 being acute on chronic intoxications. 
3 7 14 Most subjects were taking about 20 tablets 
(0.5 g. of the salt) daily, the admitted 
6 9 4 duration of ingestion ranging between 
7 2 4 6 days and 15 months. All subjects were 
seen within 24 hours of admission either 
10 5 5 to hospital or prison. Drug withdrawal 
ll 3 3 was abrupt, and no other medication 
was provided during the withdrawal phase. 


Ideally confirmation of intoxication should come from detection of the 
intoxicant in body fluids. Tests for “‘preludin” in the urine do exist but 
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their specificity is negated if certain other phenylalkylamines or 
alkaloids are present. Reliance had therefore to be placed on a history 
of “‘preludin” ingestion, strengthened in a number of instances by find- 
ing ‘“‘preludin” tablets and/or empty drug containers in the patient’s 


Table 2. Data relating to 12 patients with ‘*preludin”’ intoxication 


C A Admitted Admitted Other d 
No. Sex| duration drug dose/day Diagnosis 
ingestion 
1 34 | F 7 days 0.5 Psychopathic amphetamine 
personality d-amphetamine 
2 32 |F 9 months 0.25 Psychopathic ? none 
personality 
3 31 |F 6 months 0.5 Psychopathic alcohol 
personality d-amphetamine 
4 27 |M 2 months 0.25—0.5 Psychopathic alcohol 
personality amphetamine 
5 43. 2 months 0.5 “reactive amphetamine 
depression” 
6 30 |M| 6days 0.4 Psychopathic alcohol 
personality 
7 29 6 months 0.5 Psychopathic alcohol 
personality 
8 25 | weeks 0.5—0.6 Psychopathic alcohol, 
personality barbiturates, 
d- and m- 
amphetamine, 
pethidine 
9 29 | Mj 15 months 0.5 Psychopathic alcohol 
personality 
10 36 |M{ 6 months 0.5—1.0 Psychopathic alcohol, 
personality methylated 
spirits 
ll 30 | uncertain <0.5 Psychopathic not known 
personality 
12 28 |M{ 6months | 0.5—0.75 Psychopathic alcohol 
personality 


belongings (Cases 1.3. 6,7, 9—12). The cases seen fulfill the criteria for 


drug intoxication in that the symptoms arose de novo during drug in- 
gestion and were not grafted on to an antedating illness, although all 
subjects were abnormal personalities (Table 2) both prior to, and 
following recovery from intoxication. Nor were the symptoms due to 
sudden drug withdrawal, being established both before admission and 
drug cessation. All, with the possible exception of Cases 2 and 11 had 
previously abused other drugs. The mode of admission varied, those 
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subjects committed to prison being sent within 24 hours of apprehen- 
sion to the prison hospital for medical assessment. Four persons were 
committed to prison charged with larceny, the intention being to buy 
drugs (‘‘preludin’’) or food with the stolen property (Cases 4, 5, 10, 12). 
Four subjects were referred by the police either to an observation ward 
(Case 3) or to prison (Cases 6, 7, 11) for ““wandering at large’’. In each 
instance the patient was noted to be behaving strangely, and two 
(Cases 6, 7) had broken a window. One person went to the police com- 
plaining that “‘people were following her’’ (Case 1). Her demeanour 
was so curious that she was admitted to an observation ward. Another 
(Case 9) was committed to prison because of assaulting his ex-fiancé 
while under the influence of drugs; another (Case 8) was committed to 
prison for attempting to obtain drugs by a forged prescription. One 
subject was admitted to an observation ward from a general hospital 
because of bizarre behaviour (Case 2). The Wasserman and Kahn reac- 
tions of all subjects were negative. A synoptic account of the present- 
ing clinical anomalies is shown in Fig. 1 (a and b) more detailed infor- 
mation for six of the patients being given in an appendix. 

The physical signs included bilateral and equally dilated pupils of 
8—10 mm diameter in eleven of the 12 patients, the dilatation being 
unequal in one (Case 5). In eight of these (Cases 2, 4—6, 8—10, 12) the 
direct and the consensual pupillary response to light was impaired, the 
pupils contracting slowly and about one-third of their diameter, the 
contraction being poorly sustained. The accomodation-convergence 
reflex was brisk in all but three subjects (Cases 5, 8, 10) in whom the 
light reflex was also absent. Tremor of the outstretched tongue was 
noted as was tremor of the upper limb at rest (Cases 1, 3—6, 8, 10, 11). 
Twitching of the facial musculature, which might have been myoclonic 
in nature, was seen particularly round the corners of the mouth or 
eyes (Cases 1, 3,5, 8,9, 11,12) as was blepharospasm (Case 5). No 
other involuntary musculatur jerking was noted, although there was a 
tendency to hand-face touching (Cases 1—3). Brisk and augmented 
tendon reflexes in both upper and lower limbs occurred (Cases 3, 5, 6, 11). 
Cerebellar incoordination (dysdiadokokinesis, ataxia on the finger-nose 
and heel-shin tests not compensated for by vision, and dysarthria) was 
seen in one subject (Case 5) and ataxia on the finger-nose test in Case 4. 


Mixed posterior column and cerebellar ataxic phenomena were seen in 
two subjects (Cases 9,10). In one of the two (Case 10) the cerebellar 
component (intention tremor, dysdiadokokinesis) persisted much longer 
than the posterior column features (Rombergism). The abnormal signs 
disappeared within one week of drug withdrawal (Table 1), pupillary 
dilatation and tremor of the upper limb usually persisting longest, 
although in two subjects (Cases 9, 12) the facial twitching was the last 
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Case Number 2 


4 
Dilated pupils . 
Impaired pupillary light reflex 


Impaired pupillary accomodation 
Dysarthria 
Ataxic phenomena 


| Tremor of tongue 

Tremor of upper limb 
Facial twitching 
Augmented tendon reflexes 


Case Number 2 4 6 8 10 12 


Behaviour overactive 

aggressive 
agitated + 

Mood labile 
elated 4 

depressed 

irritable 


fear 
| Thought ®xiety 
ideas of reference 

paranoid 

unworthiness 

guilt 

suicide 


incoherent 7 


Illusions 
Hallucinations 
visual 
auditory 
tactile 
Depersonalisation and derealisation e 
Disorientation 
Impaired attention and concentration 


Impaired insight é e 
Fig. 1b 
Fig. 1. a Physical signs found in twelve persons suffering from “‘preludin” intoxication. 
b Alteration in the mental state of twelve persons suffering from “‘preludin”’ intoxication 
Psychopharmacologia, Bd. 1 Q 
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abnormal sign to disappear. The pupillary response to accomodation- 
convergence returned before that to light. 

Quite striking in nine subjects (Cases 1, 3—8, 10, 11) were the fre- 
quent small movements of the hands and fidgetting, set against a back- 
ground of general overactivity. Two individuals who were disorient- 
ated (Cases 5,9) became noisy and aggressive. Mood changes included 
lability (Cases 1,7,11), elation (Cases 8,10) and marked depression 
(Cases 2,4, 12). Mild depression which might have been a withdrawal 
features was seen in two instances (Cases 5,6) although withdrawal 
phenomena were invariably trivial. Fear was a predominant affective 
component in five patients (Cases 1, 3, 5, 10,11). The marked depres- 
sive change was accompanied by appropriate delusions and hallucina- 
tions. One of the depressed subjects (Case 2) remarked, “I’m being 
tortured. There are voices telling me I am going to die. Why is God 
doing this to me? I’ve done no harm’’. Another related (Case 4), “I 
hear voices telling me I am rotten, that I should die. Maybe it’s me, 
not voices, but it sounds like voices’’. 

Thought content in eight of the patients (Cases 1, 3, 6—11) was of 
a paranoid flavour. Thus one individual remarked (Case 7) ‘““They were 
after me... you know when people are following you. No one walked 
in front, always behind. I used to take avoiding action — doubling 
back. I couldn’t shake them off. I don’t know why they were after me 
but the East End is full of that sort of thing. I suppose I knew some- 
thing dangerous to them and had to be killed,,. Only one patient was 
incoherent (Case 5) but from the available evidence it seemed that 
other subjects might have shown disconnection of thought during in- 
toxication but prior to admission. Illusions or visual misinterpretations 
were found in two subjects. The one (Case 10) who was nursed in a / 
padded room insisted he was having a party that afternoon. He pointed | 
to one of the partitions of the padded wall, insisting it was a pull-down 
table, and to another, as a bench. The last subject (Case 12) thought 
his bed was either a bath or a coffin. He refused to climb into bed 
saying “I’m not getting into that coffin. Where’s the lid? I want to 
be cremated — not fed to worms”. Doubtful tactile illusions or hallu- 
cinations occurred in Case 5. He complained of burning sensations in 
his arms and legs which were present before drug withdrawal and 

——persisted for three days after “‘preludin” was stopped. It may be signi- 
ficant that this patient had non-thrombocytopenic purpura possibly 
ascribable to the drug. Auditory hallucinations present both during 
the day and the night were noted in five subjects (Cases 1—4, 8) and 
visual in one (Case 3). Depersonalisation and derealisation were found 
in three patients (Cases 4,9, 11). One (Case 4) complained, “I don’t 
feel real. The world ... you ... seem remote. I’m not in it”’. 
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Four subjects were disorientated, one for time only (Case 1), two 
for time and place (Cases 9, 10), and the other for all modalities (Case 5). 
Thus delirium in the strict sense was present and might well have been 
for four other individuals (Cases 3,6,7,11) referred on account of 
wandering at night but who were correctly orientated at the time of 
examination. Attention and concentration (measured by rough tests 
such as serial sevens, days of the week backwards etc.) were impaired 
in nine patients (Cases 1, 3,5, 6, 8—12). Insight was impaired in all 
but Case 12. Symptomatic recovery was complete in every subject 
within two weeks of drug cessation (Table 1) the return to normal for 
the mental state often taking a little longer than the abatement of the 
abnormal physical signs. 


Discussion 

A large enough dose of almost any drug will cause untoward sym- 
ptoms (WAYNE 1958). However, our purpose is not so much to draw 
attention to adverse reacticns to “‘preludin” (a drug available in Britain 
without prescription) but te emphasize points not made hitherto, 
namely (1) the uniformity of toxic response in humans to some of the 
phenylalkylamines, and (2) the presence of physical signs during in- 
toxication with these substances. This is relevant, as CONNELL in his 
monograph “‘Amphetamine psychosis” suggests there are no specific 
signs of amphetamine intoxication (CONNELL 1958a) and alludes to the 
rarity of references to the physical state in such circumstances (Con- 
NELL 1958b). In fact, signs like mydriasis and tremor have been re- 
legated to mere physiological accompaniments of a heightened affective 
state due to the drug. Some of the phenylalkylamines in contemporary 
use include phenylisopropylamine (amphetamine), the d- and m-sub- 
stituted salts of amphetamine, “ephedrine” (1-phenyl-2-methyl-amine- 
propanol sulphate), “‘preludin”’, ‘“‘meratran’’ («-2-piperdyl benzhydrol) 
and “‘ritalin’’ (methyl phenidate). 

The “‘preludin” intoxications were associated with mydriasis, and 
dilated pupils are found in humans with amphetamine intoxication 
(SHorvon 1945; HERMAN and NaGLeR 1954; Patuck 1956; SHANSON 
1956). CoNNELL (1958¢) noted that of his 42 cases of amphetamine 
intoxication, twelve had mydriasis and three an impaired pupillary 


light reflex. GooDMAN and GiLMAN (1955a) comment that ‘‘the light 
reflex is not affected except after repeated local administration of 
amphetamine, an effect which is rarely seen after its systematic admin- 
istration in man’’. However, eight of our subjects showed an impaired 
response to light and LowENsTEIN and LOEWENFELD (1950) remark on 
the sluggish light reflex produced in animals by sympathomimetic 
drugs, while DuKE-ELDER (1949) comments that the accomodation- 
g* 
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convergence reflex is more resistant to damage than the light reflex. 
To elucidate the mechanism of the effect, cats were given phenylalkyl- 
amines intravenously (MARLEY 1959, unpublished data). Considerably 
greater doses of the drugs were required to produce impairment of the 
light reflex than that causing mydriasis, amphetamine being more 
potent than “‘preludin”. The pupillary dilatation could be elicited | 
after immediate removal of both superior cervical ganglia, both supra- 
renal glands and unilateral resection of the ciliary ganglion. If the post- 
ganglionic cervical sympathetic trunk was allowed to degenerate after 
removal of the superior cervical ganglion, the homolateral pupillary 
dilatation was absent or minimal with the phenylethylamine or phenyl- 
ethanolamine substances such as amphetamine or “‘preludin” (but not 
with the catechol phenylalkylamines such as dopamine or the allied non- 
catechol phenylalkylamines such as phenylephrine) implying that their 
action depends on the integrity of sympathetic nerve endings in the iris. 

Mydriasis, tremor and motor restlessness occur after overdoses of 
“ephedrine” (GoopMAN and Gr~MAN 1955b) and the drug may pro- 
duce a picture simulating amphetamine intoxication (Locker 1957). 
Amphetamine may also produce tremor (MonroE and Drei. 1947; 
Kwapp 1952) and one can speculate whether it is due to the drug in- 
creasing the servo instability in the stretch reflex arc, a mechanism 
proposed by Hatimay and ReprFeaRN (1956). Tremor, restlessness 
and augmented tendon jerks were found in our subjects with ‘“‘preludin”’ 
intoxication and increase of monosynaptic reflexes such as the knee 
jerk can be produced in animalis with some of the phenylalkylamines. 
The facial twitching with ‘“‘preludin” is intriguing for CoLE and GLEEs 
(1957) produced facial tic-like movements in monkeys with either 
amphetamine or ‘ritalin’, while FULLERTON (1956) noted increased 
abnormal activity such as pacing in humans after “‘meratran’’. 

The cerebellar or mixed cerebellar and posterior column ataxia in 
four subjects was unexpected although Marutas (1951) mentions cere- 
bellar signs as evidence of amphetamine toxicity. However, amphet- 
amine and “‘meratran” elicit postural righting activity in decerebrate 
cats (MaLInG and AcHEson 1946; Macutr 1950; BRown and WERNER 
1954) so enhancement rather than impairment of postural mechanisms 
cerebellar signs are features of intoxication with central depressants 
such as alcohol (HOWELLS 1952), barbiturates (ISBELL 1950) and methy!l- 
pentynol (MARLEY and BaRTHOLOMEW 1958) it may be that the four 
patients were taking depressant substances as well as ‘‘preludin’’ al- 
though all denied this. 

Of our twelve cases four were ‘‘classical’’ toxic psychoses, and three 
presented depressive features including ideas of guilt and unworthiness, 
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and hallucinations of a depressive flavour. These had antedated ad- 
mission and were not withdrawal symptoms. Eight patients suffered 
with paranoid symptoms. The development of paranoid ideas with 
“preludin” intoxications has been remarked on (BETHELL 1957; GLaTT 
1957). CoNNELL (1958d) described the amphetamine psychosis as ‘‘a 
paranoid psychosis with ideas of reference, delusions of persecution, 
auditory and visual hallucinations in a setting of clear consciousness’. 
A similar picture was formulated by ToLENTINO (1957) and the devel- 
opment of a hallucinatory paranoid state subsiding within two days of 
“meratran”’ withdrawal was documented by Brae and Rerp (1956). 
Paranoid features may also occur with central depressant drugs (LEVIN 
1947). Although elevation of mood is conventionally associated with 
the administration of amphetamine (GUTTMAN and SarGant 1937) or 
“preludin” (RANDELL 1957), elation was found in only two of our sub- 
jects, but fear was a marked feature in five. This paradoxical affective 
response is well authenticated (CLEGHORN 1952; O’FLANAGAN and Tay- 
LOR 1950) and the patient seen by CLEIN (1957) was ‘“‘restless, agitated 
and depressed’. The wide spectrum of clinical manifestation prompts 
the observation that so-called stimulant drugs may produce not stimula- 
tion but the obverse. It would appear that “‘the terms stimulant or 
depressant outside the isolated organ context are not specific enough to 
be rigidly adhered to. In the human frame of reference such drugs 
may produce antipodal mood effects even in the same person’’ (MARLEY 
1959). 

A subacute delirious state may accompany ‘‘preludin”’ intoxication 
(SILVERMAN 1959) and one of our patients was disorientated for time, 
two for time and place, and another for all modalities. CoNNELL (1958e) 
noted absence of disorientation with amphetamine intoxications. LEVIN 
(1951) propounded the entity of ‘‘partial delirium’’, which depends on 
the fact that orientation for time, being an abstract concept, is more 
vulnerable and consequently more likely to be upset than orientation 
for place or person. 

Auditory hallucinations present both during the day and night were 
more common than visual, emphasizing the difference between this type 
of drug response and the toxic delirium due to central depressants or 


(Wotrr and Curran 1935). Illusions and hallucinations have also been 
reported with amphetamine intoxications by WALLIs et al. (1949); Carr 
(1954); and HerMAN and NaGuer (1954). Woxtrr and Curran (1935) 
refer to the nonspecificity of deliria and to the presence of deficits in 
grasp and attention. Nine of our patients showed impaired attention 
and concentration, and loss of insight was almost universal at the height 
of intoxication. 
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The material presented here supplements (for the mental state) the 
description given by ConnELL for the amphetamine psychosis, to whom 
its seperate categorization is due. More prominence is however given 
than by ConNELL to the presence of clouding of consciousness during 
intoxication. The emphasis on physical signs is an innovation, as is 
their integration with identical anomalies found in animals and humans 
during intoxication with other phenylalkylamines. 


Summary 

Twelve cases of “‘preludin” intoxication are described. The physical 
signs included mydriasis, impaired pupillary response to light and even 
impaired reaction to accomodation-convergence. Tremor of the tongue 
and upper limb together with augmented tendon reflexes and facial 
twitching were noted. Excessive small movements of the hands and 
touching of the face occurred against a background of generalized over- 
activity. Mood changes included lability or depression associated with ! 
depressive delusions. Paranoid ideas were present in eight subjects, 
while five had auditory hallucinations. Disorientation, impaired atten- | 
tion and concentration with loss of insight were also encountered. All 
abnormalities abated within 14 days of drug withdrawal. 
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H. M. Prison Comissioners. We are indebted to Mr D. A. Green for photograph- 
ing the stencils. 


Appendix 


Case 5. Male aged 43 years. Unmarried. 

Reason for referral. Committed to prison on remand charged with shoplifting. 

Mental state on reception. The subject appeared perplexed and frightened, and 
his speech was incoherent. Later he became aggressive and noisy. After the lapse 
of some hours his speech improved. The man complained of a burning sensation 
of his arms and legs. However, he remained disorientated for time and place, with 
gross impairment of attention and concentration. 

Physical state on reception. He looked ill, malnourished and dirty. There was 
facial twitching, blepharospasm, unequal dilatation of the pupils, with loss of the 
reflex response to light (direct and consensual) and an impaired accomodation- 
convergence reflex. There was dysarthria, ataxic features (dysdiadokokinesis, 
ataxia on the finger-nose and heel-shin tests not compensated for by vision), tre-———_- 
mor of the protruded tongue and augmented brisk tendon reflexes, and a petechial 
rash on the limbs and body. 

The course of the intoxication. After 24 hours the man was quieter but still 
suspicious and cringing in the corner of the room. He would laugh for no apparent 
reason, and remained disorientated for time and place believing he was in a prisoner- 
of-war camp. After 3 days the petechial rash was fading but there was no other 
change in the physical signs. The man constantly reiterated, ‘Where am I... 
prison... why ? Thank God my mother is dead.... How long have I been here ?”’. 
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On the fourth day the subject was correctly orientated. The pupils were still 
dilated and non-reactive to light, although the accomodation response had returned. 
Cerebellar ataxia was still present. By the fifth day he had virtually recovered. 

Family history. A good family, the father being a skilled worker. No relevant 
medical or psychiatric ailments. 

Personal history. The patient was very attached to his mother who had died 
5 years previously of ‘‘cancer”. Subsequently the patient has suffered from de- 
pressive bouts. He relinquished his occupation (compositor) and drifted from one 
menial job to another, refusing ell help offered by his family. He was without 
money for food and so committed the above offence. 

Previous medical history. There were no relevant physical illnesses. Three 
years previously he sought medical help for ‘‘depression and unhappiness”’ when 
amphetamine was prescribe‘. 

Present abuse of drugs. ‘‘Preludin’’ had been taken over the last two months. 
The dose was approximately 20 tablets (25 mg each of the salt) daily. 

Case 7. Male aged 29 years. Irishman. Unmarried. 

Reason for referral. Committed to prison on remand on a charge of Malicious 
Damage — breaking a plate glass window. 

Mental state on reception. Restless and agitated. There was a variable mood 
state in which the periods of elation were marked — laughing, slapping the backs 
of others etc. Delusional ideas were apparent and they were the basis of the pre- 
sent offence: ‘They were after me... you know when people are fellowing you, 
no one walked in front, always behind. I used to take avoiding action — doubling 
back. I couldn’t shake them off. I didn’t know why they were after me but the 
East End is full of that sort of thing. I suppose I knew something dangerous to 
them and had to be killed. I broke the window so that I could get in here (prison). 
They aren’t in here are they ?” 

Physical state on reception. There was equal dilation of both pupils and 
nothing else. 

The course of the intoxication. After 2 days without any specific treatment 
there were no physical signs and the mental state was improving: the delusions 
were less firmly held. 

After 4 days he stated “‘No one was, or is, really after me. I was warned in 
St. Francis (a mental Observation Ward) about Preludin’’. 

Family history. Nothing is known. 

Personal history. He comes of an Irish family in Ireland and entered England 
some 7 years ago. 

Over the last 3 years he has worked as a sewing machine mechanic. This 
period has been, as was the earlier 4 years, punctuated with periods of imprison- 
ment for the offence of Breaking and Entry. 

Previous medical history. Just prior to his being seen in prison on the present 
charge he was admitted to St. Francis Observation Ward where he was di 


as a ‘‘Preludin’’ Psychosis that resolved over 9 days. Then it was noted “Physical 


examination N.A.D. Mental State N.A.D. except for paranoid delusions con- 
cerning men who were trying to kill him...’’. This admission was caused by his 
taking ‘‘Preludin” over a period of about 4 months at the rate of 15—20 tablets 
per day. 

Within a day or so of leaving hospital he was again taking the drug in a 
similar dosage. 

Present abuse of drugs. ‘‘Preludin” for some 6 months with a break whilst in 
hospital (vide supra). The dose varies but is about a tube per day, each tube con- 
taining 20 tablets. 
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Case 8. Male aged 28 years. Unmarried. 

Reason for referral. Committed to prison on remand charged with attempting 
to procure 1000 d-amphetamine tablets with a forged prescription. 

Mental state on reception. He was agitated and fidgetty but cooperative. He 
was mildly elated and a had a number of delusional ideas e. g. that he was a tele- 
phone exchange; that he was being followed by radar waves; that he emitted i 
radar waves and that people were out to get him. He was also hallucinated and 
heard people talking about him as well as hearing the radar going ‘‘clickerty-click”’ 
in his head. Orientation was correct but there was impaired attention and con- 
centration with loss of insight. 

Physical state on reception. There was bilateral and equal dilatation of the | 
pupils with loss of the direct and consensual reflex response to light and an im- 
paired accomodation-convergence reflex. There was bilateral chemosis, involun- 
tary facial twitching, and tremor of the outstretched tongue and upper limbs. 

The course of the intoxication. After 2 days there was an improvement. The 
pupils were less dilated and responded briskly to accomodation and slowly but 
fully to light. The chemosis had disappeared and the twitching and tremor less 
prominent. In the mental state, the delusions were beginning to fade, and the 
patient when reminded of his former statements, replied, “‘perhaps I misunder- 
stood things”. After 5 days the abnormal physical signs had abated. His mental 
state was now normal and the subject alluded to his former ‘‘quaint ideas” which 
he no longer believed. He agreed that the ‘‘preludin’’ had been the cause of his 
illness. 

Family history. The father is described as a shiftless alcoholic. There are two 
brothers with whom contact has been lost, and a sister who is a chronic schizo- | 
phrenic. 

Personal history. An unhappy child. After an average elementary schooling, 
he has had some 40 different jobs. Has always lived in cheap lodgings after being 
thrown out of the family home because of stealing from his parents. Described 
as an asocial schizoid personality. Some homosexual activities. 

Previous medical history. A history of drug abuse over the last ten years. 
There have been 6 mental hospital admissions in the last 9 years. On one occasion 
he was diagnosed as a schizophrenic and received deep insulin therapy, but on 
other admissions he has invariably been considered a psychopathic personality. 
Admissions have usually resulted as a consequence of drug ingestion and in 1956 
he was treated for a “‘preludin’’ psychosis that recovered over a period of 12 days. 

There are previous offences known to the police for attempting to obtain drugs 
by false pretences and he has been variously dealt with by imprisonment, proba- 
tion and fining. There have been previous admissions to general hospitals with 
acute drug intoxications e. g. aspirin, barbiturates and “‘preludin”. Other drugs 
abused include alcohol, d- and m-amphetamine, and pethidine. 

Present abuse of drugs. Prior to apprehension by the police, the subject had | 


been taking 20—30 tablets of ‘‘preludin” daily, for Sey 6 weeks. The 
—drug-was often teken-with-alcohol 

Case 9. Male aged 29 years. Unmarried. 

Reason for referral. Committed to prison on remand on a charge of assault 
occasioning actual bodily harm — the assault being on his late girl friend. 

Mental state on reception. Aggressive and irritable in his speech and behaviour. 
There were marked ideas of reference that many normal fittings of the room were 
of importance to him and gave him an understanding of all that was happening. Para- 
noid ideas were expressed that “it was me or they — I’m one against them all. 
T’ll have to be armed before I leave here as they are all waiting for me. See that 
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light ? When that goes out then I know there are the mechanised boys waiting 
for me”. Depersonalisation and Derealisation could be appreciated from such 
comments as “I’ve changed you know, I can simply rise in this way as I am 
lighter than air — I can beat them yet’’. ““You know things look very odd, you 
are really there aren’t you? Touch me’. There was disorientation for time and 
place, impaired attention and concentration as well as a loss of insight. 

Physical state on reception. Equally dilated pupils with an impaired light 
reflex were present as well as twitching of the facial musculature. There was 
ataxia present in all four limbs being a mixture of posterior column and cerebellar 
type. This was accompanied by course nystagmus. 

The course of the intoxication. After 3 days the only remaining physical sign 
was slight facial twitching. The mental state had improved, the paranoid ideas 
been much more loosely held and the aggression and irritability being absent. 

After 5 days there was still some facial twitching but nothing else. The mental 
state had further improved in that there were no longer any paranoid ideas — 
there was no true recollection of his ever entertaining such notions. 

Family history. Nothing relevant. 

Personal history. Reasonably happy childhood as the third of four children. 
Father a skilled worker and very stable; Mother over possessive. Normal schooling. 
Mother said he always tended to react badly to stresses — many illnesses, wan- 
dering from home, truanting etc. Normal service record in the Army. Since then 
some 15 jobs in the last 8 years — the longest lasting 3 years. Had a girl friend 
from age of 23 years but she left him 15 months ago as he was not reliable. He 
became upset by this and took to drinking alcohol. He gave up living at home 
and began living ‘rough’ and in common lodging houses. 

Previous medical history. After his girl left him and he began drinking he 
entered a mental hospital and was diagnosed as a psychopath. Whilst in hospital 
he was given Dexedrine and learnt ‘‘about Preludin’”. After leaving hospital 
became depressed and bought ‘‘Preludin’” and took up to 20 tablets per day. 
Rarely drank alcohol at this time. Brooded about the girl who had left him and 
found that the drug helped dispell the gloom. ‘I thought I'd like to ‘do her’ but 
I hadn’t the guts ... with the tablets I could and bloody well did...” 

Present abuse of drugs. ‘‘Preludin’’ on and off over 15 months and taking 
up to 20 tablets per day. 

Case 10. Male aged 36 years. Scotsman. Unmarried. 

Reason. for referral. Committed to prison on remand on a charge of stealing 
(stealing a pile of newspapers with a policeman standing within a yard or so of him) 

Mental state on reception. Over-active: would not sit down but kept walking. 
round the room. His mood was more often than not elated and often incongruous 
when placed against his paranoid thought. A sample of his talk: ““Well mate 
here’s a comfy little billet; not bad — I suppose I doss here ? Lock mate you give 


Those Police bastards let_ me swipe those 


papers and then took them off me — — I do the dirty work and they get the 
papers ... They weren’t ordinary stills no f... fear. Why do you think the 
Police wanted them? They are valuable, a lot of people are after them”. There 
were periods when fear was clearly expressed. After an hour or so he became 
noisy and destructive and required restraint. Whilst in a cell he stated “I’m 
having a party this afternoon — you don’t mind do you? That (a section of the 
padded wall) is a pull-down table and that (a similar section) the bench. As you 
see I’ve been busy cooking food (pointing to his faeces in the chamber pot). He 
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was disorientated for time and place and demonstrated impaired attention, con- 
centration and insight. 

Physical state on reception. Equally dilated pupils that had an impaired 
reflex to both light and accommodation. There was a mild dysarthria, mixed 
ataxia, a static tremor of the upper limb and tremor of the protruded tongue. 

The course of the Intoxication. After 3 days there was a marked improveinent 
particularly in the physical state. The pupils were smaller (9 to 6 mm.) and reacted 
briskly to both light and accommodation. There was no dysarthria. The ataxia 
was less marked and was a pure cerebellar type, the posterior column signs having 
cleared up. There remained the static tremor of the upper limb. The mental 
state was also improved and the man was released from restraint. He was less 
active and noisy but remained elated. The paranoid ideas had gone: ‘‘God knows 
why I took them (the newspapers),I never saw the ‘nark’ (policeman) near me”. 
There were no more illusions or misinterpretations: ‘‘A party in that room, you 
must be daft. Your’e pulling my leg, I never said that”. Still impaired attention 
and concentration, but fully orientated. 

After 5 days nothing abnormal noted. A cheerful man of dull intellect with 
no clinical physical signs. 

Family history. An orphan. 

Personal history. Born in Scotland; various homes; special schools and 
finally certified in England as feebleminded. Left colony aged 17 and done in- 
numerable jobs since. 

Previous medical history. No relevant physical illnesses. 

Mental illnesses — at 22yrs, 25yrs and 30yrs was admitted to mental hospi- 
tals. The first two occasions the diagnosis was a ‘‘dull psychopath” and the last 
time “‘schizophrenic episode’. The episode received no specific treatment and 
cleared over 4—6 days. 

Present abuse of drugs. Started to take ‘‘Preludin” some 6 months ago after 
being introduced to it by a friend. ‘‘I like the stuff, its not bad: I forget the whole 
bloody world and then feel that I’m really good”. The dose varies but is 20 or 
less tablets per day. 

Case 12. Male aged 28 years. Married (separated). 

Reason for referral. Stealing jewellery from his mistress. 

Mental state on reception. There was marked agitation, the patient being 
unable to sit still and constantly fiddling with his pockets. His mood was de- 
pressed. He remarked, “I’ve had it. I know I’ve been a fool but there it is. I 
might almost wish myself dead but either I haven’t the guts or I’man incurable 
optimist”. On occasions his eyes watered and he was very near to tears especially 
when speaking of his step-mothers (vide infra). There were illusions (misinter- 
pretations) in that he thought his bed was either a bath or a coffin. He said, ‘I’m 
not getting in that coffin. Where's the lid? I want to be cremated and not fed 
to the worms. Mind you the farmer 


worms fattened on me. I know I’m a worm but I’m oa being buried in that 
coffin”. Concentration and attention were impaired as was insight. 

Physical state on reception. There was equal dilatation of the pupils with an 
impaired light reflex to both direct and consensual illumination. Minimal facial 
twitching was noted. 

The course of the intoxication. After 3 days the pupils were smaller and the 
light reflex brisker, the facial twitching being unaltered. The patient was less 
agitated, the mood still being depressed with ideas of unworthiness and guilt. He 
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now had some insight into his illness and even its causation. He remarked, ‘“Those 
odd ideas I had were the DT’s or that sort of thing. Its a bit ruddy frightening 
having a ‘bend’ like that. It’s just me. I can’t control myself and must have what 
I want when I want it. Poor old V (the mistress), she tried hard to be reasonable 
with me but that’s nearly impossible”’. 

Family history. The father is a stable, cold, professional man, the mother an 
unstable alcoholic. Father divorced mother when the patient was aged about 
18 months and then remarried. The step-mother is a stable intelligent person. 


Personal history. The earlier years at home were rather unhappy, the patient 
vying with his half-siblings for the parent’s affection. He did outstandingly well 
at school both at games and scholastically. He won a state scholarship. He did 
his National Servis as an Army officer in Africa, when he began to drink heavily. 
Subsequently he went to Oxford to read law, but there was trouble culminating 
in his marrying a waitress and her having a baby. He was sent down from the 
university and shunned by his family. Then followed a series of jobs and con- 
siderable marital dysharmony ultimately leading to a separation, the wife having 
custody of the child. He immediately became involved with another woman, 
who later threatened to, and subsequently left him because of his strange un- 
reliab'e ways. It was after this girl left him that he stole her jewellery. 

Previous medical history. No medical illness of relevance. When aged 24 years 
the subject went into a mental hospital as a voluntary patient as a condition of 
a probation order. He remained 3 months and was discharged unimproved. He 
had committed two previous offences known to the police. 

Present abuse of drugs. Alcohol abused since the age of 18 years. “‘Preludin”™ 
was begun 6 months previously. He was introduced to it by friends at wild parties. 
He took the drug irregularly — mainly to stave off tiredness at parties. Prior to 
the present offence he had been taking “‘preludin”’ to excess for 6 days. 
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The Effects of Intravenous Epinephrine and Norepinephrine 
on a Conditioned Response in the Cat* 


By 
SerH SHARPLESS 
With 4 Figures in the Text 
(Received June 17, 1959) 


In 1904, WEBER observed that an intracarotid injection of epinephrine 
in a cat produced an analgesic and soporific effect on the otherwise 
unanesthetized animal. The depressant action of catecholamines on 
central nervous activity has been rediscovered many times since, but 
there is still little information available about the nature and significance 
of the effect (see review by RoTHBALLER 1959). Among other things, it 
has been speculated that the ‘“death-feigning” and “‘paralysis of fear” 
exhibited by certain animals may be related to epinephrine stupor 
(HOAGLAND 1928), and GELLHORN (1953) has suggested that homeostasis 
may be served by epinephrine-produced depression of central sympa- 
thetic centers. 

Before inferences regarding the possible physiological significance of 
the phenomenon can be drawn, it is necessary to have specific information 
on dose-response relations. Most investigators have used large doses of 
epinephrine (usually in the 0.1—1 mg range) and unconventional routes 
of administration, such as intracisternal, intraventricular, and intra- 
carotid injections (ROTHBALLER 1959). Furthermore, the gross obser- 
vational method commonly employed may not be sufficiently sensitive 
to detect slight changes in behavior. Recently, relatively precise methods 
have been applied to measure behavioral changes produced by catechol- 
amines. Kosman and GERARD (1955) observed depression of a condi- 
tioned avoidance response in rats following the subcutaneous injection 
of 6 mg/kg epinephrine in oil, and FRANK et al. (1959) reported that 
operant response rates in pigeons were depressed by as little as 30 ug 
epinephrine intramuscularly. It is nevertheless difficult to assess the 
significance of these findings, since information on the plasma level of 
epinephrine or its rate of absorption from the site of injection was not 
available. 


* This work was reported at the Twenty-Ninth Annual Meeting of the Eastern 
Psychological Association, April, 1958. It was supported by National Science 
Foundation Grant G-4459, and carried out while the author was a senior post- 
\ doctoral fellow on Interdisciplinary Grant 2M-6418, National Institute of Mental 

Health, U. 8. Public Health Service. 
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The present study represents an attempt to obtain information 
regarding the threshold doses for behavioral effects. This was done 
by using a sensitive indicator of central depression—an instrumental 
conditioned response in the cat—and by infusing the drugs through 
permanently implanted intravenous catheters at precisely controlled 
rates. A hunger-motivated response was chosen in preference to a re- 
sponse motivated by fear or shock, because it seemed desirable to avoid 
the endogenous release of epinephrine and norepinephrine which might 
occur as a result of sympatho-adrenal discharge provoked by fear or 
pain. 

Methods 

Behavioral procedures. Adult cats of both sexes ranging in weight 
from 2.25 to 3.75 kilograms were used. They were maintained on a 
twenty-three hour feeding schedule which preserved weight at about 
90% of normal. The ani- Photosensitive relay 
mals received their daily 
ration in a training cage 
about 2 feet square, one 
side of which was covered 
with a plastic material 
which served as a one-way 
vision screen (Figure 1). 
On another side, an apera- 
ture large enough to admit One-way screen 


only the animal’s head Fig. 1. Testing apparatus. A fresh spoon containing food was 
opened intoa small reward introduced into the cubicle at the sound of a click (CS). The 
cat was trained to respond to the C'S by placing its head in 


chamber. Spoons were the cubicle (CR), which activated a photosensitive relay 
radially mounted on a 
dise in such a way that they could be moved into this reward cham- 
ber one at a time by a motor-driven apparatus. During the experiment. 
the spoons were loaded with morsels of sardine. To respond to the CS 
(a loud click) the animal had only to place its head (CR) in the reward 
chamber, where it obtained a piece of sardine. By means of a photo- 
electric cell and an Esterline-Angus Operations Recorder, the responses 
_ could be recorded and timed. The latency of the response (CS-CR inter- 


val), errors (anticipatory responses), and the total time spent with its 
head in the feeding chamber were recorded. 

During the experiment, the clicks were presented at 3 minute inter- 
vals plus or minus 20 seconds. Each animal received 24 trials a day, 
the first 12 being control trials during which a 5% solution of dextrose 
in saline was infused intravenously. These trials served as a control for 
possible day-to-day fluctuations in base line responsiveness, due to 
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changes in hunger, general health, learning, etc. The last 12 trials each 
day were experimental trials during which the drug was infused. Each 
animal received both l-epinephrine and |-norepinephrine at rates of 0, 
0.5, 1, 2, 4 and 6 wg/kg/minute. It was possible to give all cats the same 
treatment on the same day, since individual daily fluctuations would 
have been revealed by the control trials. An attempt was made to avoid 
any systematic order in scheduling the doses, except that comparable 
doses of epinephrine and norepinephrine were always given on succes- 
sive days. 

Infusions were made at a constant rate through a coiled, spring-like 
polyethylene lead attached to a permanently indwelling intravenous 
catheter. A force pump and valve system permitted changing the in- 
fusion fluid from 5% dextrose in saline to the drug, which was always 
prepared in a solution of 5% dextrose in saline to minimize oxidation. 
With the slow rate of infusion, 0.12 cc/minute, the amount of dextrose 
that entered the blood stream during an experimental session was negli- 
gible. The changeover from the control solution to the drug was made 
at the end of the first twelve trials without noise and without inter- 
ie fering with the animal in any way. 

The drugs were not allowed to stand in solution for longer than fif- 
teen minute periods (one-half hour when the concentration exceeded 
20 ug/cc). Doses for both norepinephrine (LEVoPHED, WINTHROP 
SrEaRns) and epinephrine (MANN) are given as the weight of the base. 


Chronic intravenous catheters. After seven days’ initial training 
without injections, permanently indwelling, polyvinyl catheters were 
implanted (Surprenant 8-1 clear, 0.018’ I.D. x 0.046” O.D.). Under 
pentobarbital anesthesia, the catheter was passed into the external jugu- 
lar vein, until the end entered the superior vena cava or right auricle. 
Ligatures were placed around the vein, fixing the catheter in place, and 
closing off the vessel craniad to the catheter. (After ligating one external 
jugular vein in the cat, venous blood from facial veins of the same side 
drains freely through the transverse vein into the anterior facial vein of 
the opposite side.) The catheter was brought through a tunnel under 
the skin to a stab wound in the back and closed with a stainless steel 
wire obturator when not in use. _ 


Provided precautions were taken to prevent clotting and to maintain — 
aseptic precautions during injections, such preparations usually re- 
mained in good condition for a period of six weeks or more. Post mortem 
examinations after two months usually revealed some lung damage from 
multiple emboli; the external jugular vein containing the catheter was 
completely thrombosed; and occasionally, a thrombus incompletely 
obstructing the blood current was found near the tip of the catheter. 
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Infection was prevented and clotting minimized by daily injections 
of a penicillin-heparin solution in amounts just sufficient to fill the 
catheter. Omission of the penicillin from the fluid filling the catheter 
between injections has led almost invariably, in other experiments, to 
an infected thrombus and the rapid deterioration of the preparation 
despite efforts to maintain aseptic precautions during injections. 

At the end of the experiment, the patency of the catheters was tested 
by injecting thiopental sodium. The present report is based on data 
obtained from five cats, each of which was injected daily for a period 
of over two weeks. The catheters remained patent, and the animals 
stayed in good health throughout this period. 


Results 

Behavior during control infusion. During the experimental session 
nothing prevented the cat from holding its head in the feeding chamber 
all the time except the slightly awkward stance that this required. In 
practice, after the initial training 
trials, the cat almost invariably Table 1. Control trials—massed data 
placed its head in the feeding from all animals 
chamber only at the signal, and 


kept it there only long enough 
to lick the spoon clean—about Range 0.5—6.0 seconds 
20 seconds. Although anticipatory N 840 trials 


responses occasionally occurred, 

they were rare. The interval between trials (3 minutes, plus or minus 
20 seconds) was evidently sufficiently long and variable to minimize 
temporal conditioning. 

During the first 12 trials each day, dextrose-saline was infused. The 
stability of the response can be shown by an analysis of the scores on 
these control trials. Table | 
shows statistics for the Table 2. Control trials—analysis of variance 
massed data from all cats 
duringthe l4daysoftheex- Source of variance df 
periment proper. The stan- 


Pp 


sas . Between subjects 4 | 21.52 | 34.71 | 0.001 
dard deviation is actually Gays. . | 13 185) — 
not much greater than the .. _ 52 | 0.62 


the kymograph records. 
The daily dextrose-saline trials were intended to control for possible 


day-to-day fluctuations in the animal’s responsiveness which might have 
been mistaken for drug effects. In order to determine whether such chan- 
ges occurred, an analysis of variance was carried out after transforming 
the latencies to logarithmic scores. The results are given in Table 2. 
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Although there was a slight trend in the direction of shorter latencies 
on successive experimental days, neither this nor other day-to-day chan- 
ges attained statistical significance at the 5% level. Most of the total 
variance in the control trials could be attributed to individual differences, 
which were highly significant, indicating that the test was a reliable 
measure of some organismic variable which was relatively constant from 
one day to the next under the conditions of the experiment. 

Analysis of drug effects. There was some indication of slowing during 
successive trials on the same day, even without drug treatment. There- 
fore, on four days, the dextrose-saline infusion was continued without 
drugs through the experimental trials. The 
results on these, rather than the results on 
the initial 12 trials, constituted the basis 
for evaluating the drug effects. 

Figure 2 illustrates the effects of the 

1 various concentrations of epinephrine and 

8 F norepinephrine. Each point represents 
—- the average performance of all five cats 
on the last four experimental trials—i. e., 
after the drug had been infused for about 

s half an hour. Epinephrine in doses of 
6 ug/kg/minute was sufficient to prevent 
the response from occurring altogether in 
all animals. Epinephrine at 44g/kg/minute 
and norepinephrine at 6 mug/kg/minute 


35, 


‘ 
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pg /kg/min 


40 60 


Fig.2. Depression of a conditioned 
instrumental response by intravenous 
epinephrine (Z) and norepinephrine 
(NE). The average response latencies 
during the last four experimental 
trials—i.e., after the drug had been 
continuously infused for half an 
hour—are represented for various 
rates of infusion. Each point re- 
presents 5 cats. For purposes of this 
illustration, latencies have been con- 
verted to logarithmic scores, and a 
failure to respond has been assigned 
a maximum log. latency of 3.25. Thus, 
animals receiving epinephrine at the 
rate of 6 wg/kg/minute failed to 


depressed performance to the point where 
some animals failed to respond on some 
trials. In drawing Figures 2 and 3, a 
maximum “latency” of 3 minutes was 
assigned when the response failed to occur. 

Sessions in which a response failed to 
occur could not be compared to other 
sessions by the use of parametric sta- 
tistics, because of the heterogeneity of 
variance, but a non-parametric ‘‘rando- 
mization”’ test (STEGEL 1956) showed that 


respond altogethe their last four 
results on these days differed signifi- 


cantly from the results on non-drug days 


(p<0.05). The ‘‘randomization”’ test also showed that effective doses 
of epinephrine were, in each case, more potent than comparable doses 
of norepinephrine. Epinephrine was about twice as effective as nor- 


epinephrine in depressing behavior. 
An analysis of variance was carried out on the data from those ses- 
sions in which a response occurred on every trial, and the results are 
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shown in Table 3. A highly significant portion of the variance can be 
attributed to the difference between treatments. TUKEyY’s procedure for 
distinguishing between individual means (EDwARDs 1954) revealed that 


| E6pq/kg/min 
| 
NE6 
= 
= L5}- 
&2 
10% 
\5%D, Fas, 
| | NEI, NE2 
6 /2 18 30 min 36 


Duration of infusion 
Fig. 3. Rate of onset of behavioral depression produced by continuous intravenous infusion of epi- 
nephrine (£), norepinephrine (NZ), and dextrose solutions ()) at various concentrations. Notice 
that the depression produced by epinephrine at 2 ~g/kg/minute and norepinephrine at 4 ug/kg/minute 
is evident only after continuous infusion for almost 30 minutes 


norepinephrine at 4 ug/kg/minute and epinephrine at 2 ug/kg/minute 
depressed performance significantly, and that these differences accounted 
for most of the variance between treatments. None of the remaining 
effect. 
As shown in Figure 3, 
continuous infusion for almost | 
half an hour was required for 


the smaller doses to produce 
an effect, whereas the depres- ls % Dextrose in off 
Epinephrine, 6 pg /kg/min 


sion produced by the larger Fig. 4. Log. latency scores fora single cat on successive 


concentrations came on much rials at three minute intervals, Notice that animal 


idly. the infusion ceases to respond altogether within 12 minutes aicer 
more Fap idly If - onset of epinephrine infusion and that responsiveness 


% & 


Log. latency 


was stopped, the animal retur- _ returns within 6 minutes after turning off infusion pump 

ned to normal within a few 

minutes. Figure 4 shows an example in which an infusion of epinephrine at 

6 ug/kg/minute is stopped after fifteen minutes. Within a few minutes, the 

animal’s performance has returned almost to normal, its response to the 

click six minutes later being only slightly slower than during control trials. 
10* 
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Qualitative observations of the animals’ behavior during the in- 
fusion of the larger doses were especially interesting: the cat sometimes 
vomited ; its respiration became extremely rapid and continued so during 
the entire period of infusion; it gradually sank into a kind of stupor in 
which all voluntary movement was suspended; and its reaction to pain 
was diminished. The animal was drowsy, although it appeared capable 

of remaining awake for long 

Table 3 periods, sometimes with 

Experimental trials'\—analysis of variance eyes open and pupils nor- 
square were retained, the cat being 


capable of scratching, 


| swallowing, retching, etc. If 


ments ....] 10 |3.97 | 18.4 | 0.001 an animal in this condition 
could stand and walk more 

“¢ Not including trials from sessions during or Jess normally, but left to 
whieh. respense failed tp itself, it would soon sink 


backintoits stuporous state. 

An electrocorticogram was taken from one cat by means of perma- 

nently implanted electrodes during epinephrine and norepinephrine in- 

fusion. It revealed periods of spindling interspersed with apparently 

normal, low voltage waking activity. It did not appear to differ from 
control records taken from the same animal when drowsy. 


Discussion 


The effects which have been observed following the intravenous in- 
fusion of epinephrine in the present experiment tally very closely with 
those described previously for injections intracisternally (0.5—1 mg) 
by LEIMDoRFER et al. (1947) and into the lateral ventricle (20—80 ug) 
by FeLpBERG and SHERWOOD (1954), including vomiting, tachypnea, 
drowsiness, analgesia, and suspension of voluntary movement. The 
author has also observed such effects following intraventricular injec- 
tions (ROTHBALLER and SHARPLESS, unpublished observations). There 
is no doubt that the two modes of administration produce phenomena 
whieh are qualitatively very similar. The effects of intraventricular 
injections of epinephrine are probably due to a central action of the drug, 
since it has been shown that epinephrine is not absorbed into the sys- 
temic circulation from the cerebrospinal fluid 1920; 
DORFER et al. 1947; TayLor and PacE 1951). Since the effects of intra- 
venous infusion of epinephrine are practically identical, it is probable 
that these are also due to a central action of the drug. 
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The plasma epinephrine concentration reaches equilibrium within 
a few minutes after the onset of an epinephrine infusion (JoNEs and 
BLAKE 1958). On the other hand, continuous epinephrine infusion for 
approximately thirty minutes was required to produce behavioral de- 
pression with the smaller doses in the present experiment. This suggests 
that the site of action is some tissue in which the drug accumulates 
gradually during intravenous infusion—probably in the central nervous 
system. 

AXELROD et al. (1959) report that small but significant quantities 
of H* epinephrine accumulate in the hypothalamus, but not elsewhere 
in the brain, during intravenous infusion. Moreover, behavioral pheno- 
mena similar in some respects to those occurring during epinephrine de- 
pression can be produced by direct stimulation of the anterior hypo- 
thalamus. Panting, drowsiness, and diminution of muscle spindle acti- 
vity can be obtained by direct thermal or electrical stimulation of the 
thermo-regulatory areas of the hypothalamus (Macoun et al. 1938; 
Ever and SépERBERG 1957; Hess 1957), and Hess (1957) has also 
reported vomiting elicited by stimulation of certain areas of the anterior 
hypothalamus. It is therefore possible that the effects of epinephrine in- 
fusion on behavior are due to a direct action on hypothalamic structures. 

It is unlikely that adrenal medullary secretion could produce be- 
havioral depression in physiological circumstances. Although the ad- 
renals may release considerable amounts of catecholamines when stimu- 
lated directly with acetylcholine, nicotine, etc. (OUTSCHOORN 1952; 
SATAKE 1954), they seem incapable of secreting amounts capable of 
producing behavioral depression as a result of splanchnic activity. 
Ever and Fo.kLow (1953) found that stimulation of the splanchnic 
nerve in the cat under chloralose anesthesia produced an average rate of 
secretion from one adrenal medulla of 0.43 ug/kg/minute epinephrine and 
1.03 ug/kg/minute norepinephrine. According to SaTaKE (1954), the 
maximal rates of secretion from both adrenals in the unanesthetized dog 
during emotional excitement produced by faradic stimulation of a sen- 
sory nerve was equivalent to 0.2—0.5 ug/kg/minute epinephrine. The 
maximum average rate produced even during asphyxiation of the un- 
anesthetized dog was 0.8 ug/kg/minute, although peak rates of 3 ug/kg/ 
minute were attained momentarily (SaTaKE 1954). Considering this 


evidence, it does not seem likely that medullary secretion under physio- 
logical conditions can exceed rates equivalent to 0.5—1 ug/kg/minute epi- 
nephrine except momentarily, even during episodes of intense emotional 
excitement. The minimum rates of infusion capable of producing be- 
havioral depression in the present experiment were 2 ug/kg/minute for 
epinephrine and 4 ug/kg/minute for norepinephrine, and these rates had 
to be maintained for almost half an hour before an effect was observed. 
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It is possible that a more sensitive indicator would have revealed 
effects at lower doses. Ordinarily, however, hunger-motivated responses 
in the cat are extremely susceptible to depressant influences. In any 
case, there are other sources of catecholamines than the adrenal medulla, 
in postganglionic sympathetic nerves and paraganglia. Catecholamines 
are present in the brain itself, and attain their maximum concentration 
in the hypothalamus (Voet 1954). It is possible that the substances 
are delivered to receptor sites in the brain by adrenergic fibers at higher 
concentrations than can be produced by circulating endogenous hor- 
mones. 

A final question that might be asked is concerned with possible ex- 
citgtery. efferts of epinephrine and norepinephrine at small doses (Sym- 
posium 1956). If small doses produced a general excitatory effect, one 
might have expected an increased number of anticipatory errors, in- 
creased time in the goal box, or a decreased response latency. No such 
effects were observed. Either the test was not ideally adapted to measu- 
ring slight increases in excitability, or the activating properties of cate- 
cholamines, whilst suitable for arousing an animal from sleep and main- 
taining wakefulness (BONVALLET et al. 1954; RoTHBALLER 1956), play 
little role in increasing the excitability of the already alert animal 
(SHARPLEsS and 1956). 


Summary 


Epinephrine and norepinephrine were infused continuously into the 
superior vena cava of the cat during the performance of an instrumental 
response. Both drugs depressed performance, epinephrine at 2 ug/kg/ 
minute and norepinephrine at 4 uwg/kg/minute. Smaller doses produced 
no effect. With larger doses, the effect was practically idistinguishable 
from that obtained with intraventricular injections. It is concluded that 
the rates of infusion required to produce behavioral depression probably 
exceed the maximum rates of secretion of the adrenal medulla under 
physiological conditions, although the necessary level might be attained 
by endogenous catecholamines from other sources, including the brain 
itself. The possible sites of action are discussed. 
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Previous experiments (KELLY etal. 1958a, b; Marquis etal.; 
Situ et al.) have studied effects of meprobamate and other psycho- 
active drugs on the objectively measured behavior of normal subjects 
after acute and after chronic administration of the drug treatments. 
The present experiment investigates chronic «irug effects on a sample 
of patients psychiatrically diagnosed as anxiety neurotics. This, then, 
allows for extension of our previous findings to a new group of potential 
drug users — the more disturbed outpatient, of psychiatrist or general 
practitioner, who is likely to be treated for protracted periods under 
close medical supervision. 

The driving, vision, and attention tests developed and used pre- 
viously were again employed in this experiment, along with new tests 
that appeared promising as anxiety-sensitive indicators. In addition 
to data from the objective behavioral tests, two other types of data 
were collected — psychiatric assessments on a number of variables, 
and check-list ratings both by the patients and by a close friend. 


Method 
Subjects. Thirty-eight paid volunteers, ranging in age from 21 to 
41 years, were chosen as subjects for the present study of whom thirty- 
two, including 15 men and 17 women, completed the experiment. This 
total included 23 patients who were diagnosed as anxiety neurotics on 
the basis of a psychiatric interview and work-up, plus nine normal 
controls. Patients were recruited from three sources: a) A general practi- 
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tioner in private practice referred a series of his patients, whom he 
diagnosed as anxious, and whom he would normally have treated with 
psychoactive drugs. b) One hundred and twenty subjects who vol- 
unteered in response to a newspaper advertisement were pre-screened 
with the Taylor Manifest Anxiety Scale (TAYLor). This was the source 
for the normal control subjects. c) The Student Health Service of The 
University of Michigan referred students who, in the opinion of the Health 
Service psychiatrists, manifested neurotic anxiety. These three sources 
were merely the screening channels of entry into the study; all final 
diagnoses were made by the psychiatrist directly involved, so that 
criteria for diagnosis were constant for all patients. 

Two of the six who did not complete the experiment were in the 
anxious group. One of these patients was dropped because of the inten- 
sity of his pathology. (This had been diagnosed prior to the study, and 
clearly was in no way connected with the drug treatments.) The other 
patient, along with the three normal subjects, dropped out for financial 
reasons — either because he no longer needed the money, or because he 
was forced to move out of town to take a job. The fourth normal 
dropped out because of psychological effects that may have been related 
to drug treatment (Tranquil). 

Dosages and Treatments. After the patient had been interviewed 
by the psychiatrist and chosen for the study, the following regime was 
instituted : a first behavioral test session was run under the effects of a 
single oral dose of 15 mg. of phenobarbital, given one-half hour before 
testing began. No attempt was made to balance the ordering of this 
barbiturate test with the rest of the study. It was deemed more de- 
sirable to use this testing session as pre-training on those tasks for which 
practice and familiarization might play a part, and to make the actual 
comparison between phenobarbital and other drug treatments only on 
those tests clearly without practice effects. 

Three 21-day periods of pill administration now began, one for each 
treatment. The ordering of the treatments was balanced out across the 
entire group (and within the normal and neurotic sub-groups). Pills 
were put in unlabelled bottles by a technician not connected with the 
experiment, so that neither experimenter nor patient knew what treat- 


nate some of the problems of placebo effects, made possible an unforeseen 
type of unblinding of the experimenters. Rather than administer the 
three different treatments in the same pill form, which might have maxi- 
mized placebo effects for the first treatment and almost eliminated them 
for the next two treatments, the pills were presented in three different 
forms, matched for size but with the differences between these forms 


introduced to elimi- 
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maximized. These forms, however, were identical for a single drug, so 
that if the experimenter were told by the patient something that identi- 
fied the shape of the pill, he was thus informed of the drug treatment. 
This happened in seven of the 96 testing sessions. Because of the objective 
nature of the behavioral tests, which are not influenced by experi- 
menter bias, this should have had no effect on the behavioral test phase 
of the study. But the psychiatric assessment phase of the study was 
subject to the same partial unblinding (in six of 87 interviews), and in 
this case we can be less certain of the effects. 

Daily dosages were as follows: a) 1600 mg. of meprobamate, b) five 
Tranquil tablets (the maximum recommended daily dose), and c) five 
large placebo tablets. Tranquil is a combination of a large number of 
drugs, but its effective components are chiefly bromides. Five tablets 
contain the following amounts: sodium bromide 0.485 gms., potassium 
bromide 0.97 gms., ammonium bromide 0.164 gms. This drug was tested 
because it had been placed on the market as an over-the-counter drug 
whose name connoted tranquilizing effects. Thus we compared a tran- 
quilizer with a bromide compound in addition to determining the effects 
of each in relation to a placebo. 

At the end of each of the three treatment periods, patients were seen 
at two separate sessions: a) for testing on the driving battery, ortho- 
rater and other behavioral tests, and b) for a psychiatric interview 
(during which 10 cc. of blood was taken, for analysis of bromide level). 
All behavioral testing was done by the same technician; all interviews 
were conducted by the same psychiatrist. The third phase of the study 
was conducted as follows: Every seven days the patient mailed in a 
self-report rating schedule, thus giving three weekly checks on the 
action of each drug treatment. In addition, all patients had a spouse, 
close friend, or roommate (chosen by the patient) mail in similar rating 
forms. These ratings thus allowed for analyses of subjectively felt 
changes, for changes observed by someone in close daily contact with 
the patient, and for discrepancies between inner feelings and behavior 
observable by another. 


Objective Behavioral Test Battery. The objectively measured vari- 
ables were scored from various aspects of the patient’s performance on 


directly, and three variables were derived as difference or ratio scores 
from these basic variables. These tests, together with the scores ob- 
tained on each, are described below. 

A. Driver Test (7 scores). The American Automobile Association's 
“Auto Trainer’ was used. The patient operated the trainer by working 
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the controls of a conventional shift automobile. A treadmill-like belt 
about 10 feet long, painted to resemble a winding road, extends in 
front of the control unit. A model car, connected to the steering wheel 
and operated by the subject, rests on the belt. The patient’s job is to 
keep the car on the road and to brake the car whenever a red light 
appears. (For a more complete description of this apparatus, see Mar- 
Quis et al. 1957). 

Patients were given trials as follows: 20 revolutions of the belt at a 
fixed low speed; 20 at a fixed high speed; and 20 at a speed controlled 
by the subject. Six reaction-time determinations were interspersed 
irregularly through the first two trials. 

Accuracy, or proficiency, of driving in this situation is measured in 
terms of the patient’s ability to keep the car on the road. Three accu- 
racy scores were obtained: at the fixed low speed, at the fixed high 
speed, and at the variable patient-controlled speed. A ‘‘speed’’ score 
was also obtained, the time required for the trial when the patient was 
controlling his own speed. A derived judgment score was also com- 
puted — the ratio of the difference between the accuracy score at low 
fixed speed and the accuracy score at patient-controlled speed, divided 
by the time score. 

B. Vision Tests (7 scores). Tests of the various components of vision 
that might be affected by psychoactive drugs were conducted on the 
Bausch and Lomb master model ortho-rater, an instrument designed to 
control illumination, distance and presentation of visual stimuli (KELLY 
et al. 1958a; Marquis et al.). Acuity was determined for both far and 
near vision; depth perception was determined for distant vision only. 
Vertical and lateral phorias for both near and far vision were also 
measured. (For a more complete description, see KELLY et al. 1958a.) 

C. Kinesthetic Figural After-Effect (1 score). This apparatus, origi- 
nally developed by KOHLER and WaLLACH (KOHLER and WALLACH), was 
used in an attempt to follow up evidence that kinesthetic figural after- 
effects are indications of personality disorders. Eysenck has found 
that hysterics, as compared with dysthymics (anxious patients), more 
quickly developed figural after-effects which were stronger and more 
persistent. Kies and Krecu found much the same effects for brain 
injured patients, as compared with normal subjects (KLEIN and KREcH 


1952). 

The patient is blindfolded for this test, so that he never sees the 
apparatus. His task is to judge the width of a 1'/,"’ block of wood felt 
between the thumb and forefinger of his left hand. The judgment is 
made both before and after an after-effect is induced. (For a more com- 
plete description, see KELLY et al. 1958a.) Three scores are obtained: 
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1. mean original judgment, 2. mean after judgment, and 3. mean after- 
effect change (difference in judgment from 1 to 2). Only the second and 
third scores, which measure the after-effect, were analyzed. 

D. Judgment of Lines Test (2 scores). This test, which forms a part 
of CaTTELL’s Objective-Analytic Test battery (CATTELL 1955), is said to 
be an objective measure of general anxiety. The patient is instructed 
to mark an X to show which of two paired lines is the longer, or to 
indicate that both are of equal length. This is a timed test, in which 
30 seconds are allowed for each of four pages of lines to be compared, 
each page containing 20 pairs of lines. Two scores are obtained: 1. num- 
ber completed, and 2. per cent accuracy. 

E. Tempos and Time Estimations (6 scores). First, the patient’s fast - 
walking rate is determined. Then the patient is asked to set a metro- 
nome at the rate he prefers (KELLY et al. 1958a). Time estimations, 
shown to be drug-sensitive by STemyBerG (1955) and KLEEMETIR (1956), 
were then taken. The patient was asked to estimate a lapse of 20 seconds 
of time: first, without attempting to count seconds, while a metronome 
beat at the rate of 100 per minute; second, while counting to himself 
(UnR and MILLER, in press). Finally, the patient was asked to set the 
metronome as closely as possible to correspond to two rates — first, 
50 beats per minute, and second, 180 beats per minute (UHR and 
MILLER, in press). 

F. Attention Span (2 scores). Digit span forward and digit span 
backward were both tested and scored. These are simple measures of 
attention span and short-term memory that have been shown by 
Kornetsky, Humpurties, and Evarts to be sensitive to psychoactive 
drugs. This test was administered according to standard Wechsler- 
Bellevue procedures (WECHSLER 1944). 

G. Muscular Persistence (3 scores). Strength and persistence were 
tested using a hand dynamometer. The patient was asked to squeeze 
the dynamometer as hard as he could three times. The dynamometer 
needle was then set at 60% of his third squeeze, and the patient was 
asked to hold the dynamometer needle steady at this point for as long 
as he was able. This test has been said to be sensitive to anxiety (HAMILTON 
1955). A second score was analyzed — the strength of pull on the first 


trial — for a gross check on muscle strength. A third score was de- 
rived — the difference between strength of pull on the first trial and the 
second trial — as a test of level of aspiration-related motivation. 


H. Hyperventilation Test (2 scores). In this test, the patient is first 
asked to hold his breath as long as he can. He is next told to breathe 
deeply for 30 seconds. He is then to hold his breath as long as he can. 
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This test has been shown by Mirsky et al. (1946) and by FrrepMan 
(1947) to discriminate between normals and neurotics. Two scores were 
| analyzed: the difference in length of time breath was held before and 
after hyperventilation, and the absolute length of time breath was held 
after hyperventilation. 

Psychiatrie Interview. Fifteen aspects of the patient’s reactions to 
the drug treatments were objectified and tested for the significance of 
drug effects. The psychiatrist who interviewed patients at the end of each 
drug period developed his own quantification methods and converted 
his interview notes and work-up into 3-point ratings on each of the 
scales he devised. These included three general types of scales: a) rel- 
atively objective self-observations reported by the patient: skin changes, 
physical changes, daytime sleepiness, night sleep, and appetite; b) rel- 
atively subjective self-observations reported by the patient: reactions to 
the treatment, restfulness, changes in physical effort required, activity 
of the drug, and liking for the drug; and ¢) ratings of the patient by 
the psychiatrist: concentration, retention, motivation, tension, improve- 
ment. This is a rough trichotomy; it should be remembered that all 
three types of source material for these ratings were filtered through 
the psychiatrist, who synthesized and made a clinical judgment of his 
interview material, and then quantified these judgments on 3-rating 

scales of the different behaviors observed. Complete data for this phase 
of the study were collected for 29 people. 


Blood Bromide Level. A sixteenth measure was made from blood 
collected at the time of the psychiatric interview — the determination 
of blood bromide level, in milligrams per 100 cubic centimeters of blood. 
Complete data for this part of the study were collected for 26 people. 


Weekly Ratings by Self and by Other. All patients filled out and 
returned a self-report schedule every seven days, or three times during 
each of the three treatment periods. In addition, the spouse, room- 
mate, or intimate friend separately filled out and returned two schedules, 
one characterizing himself, the other characterizing the patient in the 
experiment. 

Fifteen variables, representing only a portion of these data, have 

_ been scored and analyzed at this time. Because of the magnitude of 
the analysis task, only the third report on each drug, which should give 
the cumulative effect of the drug treatment, was used. The first and 
second reports would allow for further analysis of the weekly time 
response effects of the treatment. 

Semantic Differential self-reports, as modified and used in previous 
drug studies (KELLY et al. 1958a), were scored for the three factors 
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identified by Oscoop (1957): 1. evaluative, 2. activity, and 3. potency. 
An adjective check list was derived from two sources. First, a check 
list designed by Now is (NowLis and GREEN 1957) was shortened by 
taking the five adjectives with the highest loadings on each of the eight 
factors identified by him. An additional scale was constructed from 
adjectives that subjects in the study of chronic drug effects conducted 
by KELLY et al. (1958a) had most frequently used to characterize their 
subjective changes. 

Only four of the nine scales — those that appeared to be most 
closely related to drug effects — were scored and analyzed. These 
scales were |. Concentration, 2. Activation vs. Deactivation, 3. Anxiety, 
and 4. Subject-Reported Drug Effects. These four scales were each 
scored for the following: a) the patient’s rating of himself, b) the other’s 
rating of the patient, and c) the discrepancy between the patient’s and 
the other’s rating of the patient. 


Results 


Objective Behavioral Tests. Table 1 presents the mean performances 
on each of the objectively scored behavioral tests under each of the 
continued drug treatments, for the total group of 32. (The effects of 
the acute administration of phenobarbital will be reported elsewhere.) 

The difference between the mean performance (Table 1) under one 
treatment as compared to another, when evaluated in terms of the 
standard error (an estimate of the amount these means might differ as 
a result of chance alone), gives the magnitude of the difference in effect 


Table 1. Mean performance under meprobamate, Tranquil, and placebo on objective 


behavioral tests 
Vari Mean performance under 
Test able 
No, Tranquil placebo 
A. Driving 


Time: 

Variable speed (higher score better) . 4. 301 284 300 
Reaction time (lower score better): 

6 22.8 22.9 20.9 


Judgment (lower score better): . . . . 7. 1.69 2.15 1.44 
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Table 1 (continued) 


Mean performance under 


Test 
es a 
No. ee Tranquil placebo 
B. Vision (higher score better) 
Acuity: 
9 8.90 8.60 11.11 
Phoria: 
12. 7.3 6.1 6.5 
13. 8.1 8.4 8.6 
C. Kinesthetic after-effect (higher score better) 
16. | 2.32 | 2.77. 4, 
D. Line judgment (higher score better) 

17. 76.2 75.6 75.3 
E. Tempos and times 

Preferred tempo (higher score better): 
Time estimation (higher score better): 
20. 18.73 17.09 15.92 
Rate estimation: 
50/min. (lower score better). . . . . 22. 79.7 81.1 78.0 
180/min. (higher score better). . . . 23. 171.0 169.6 173.0 
F. Digit span (higher score better) 
25. 5.5 5.6 5.7 
G. Muscular persistence (higher score better) 
Time heid at 60%. ........ 26. 40.5 36.2 40.3 
Strength of pull ......... 27. 41.2 40.4 41.0 
Improvement of pull ...... . 28. 3 4 —18 
Hi. fiyperventilation (higher score better) 
Absolute score after. ....... 30. 62.3 52.3 59.3 


between the two treatments, and the probability that this difference is 
a dependable one, and not the result of mere chance. Table 2 presents 
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Table 2. Magnitude and significance of differences in performance on the objective 
behavioral tests, for the different contrasts in treatments : 
[Plus value (no sign) indicates that performance was better under first treat- 


ment. | 
Significance of difference 
Vari- (C. R.) in performance under 
Test able 
No. meprobamate Tranquil meprobamate 
vs. placebo vs. placebo vs. Tranquil 
A. Driving 
Accuracy: 
— 0.61 0.53 — 1.02 
— 1.26 —0.71 — 0.62 
2. — 1.99 — 1.35 — 0.60 
— 2.56 — 1.76 — 0.70 
Variable speed ..... 3 —1.31 —1.10 0.01 
— 0.50 — 1.06 0.70 
Time: 
Variable speed ..... 4 0.13 — 1.33 1.53 
0.31 — 1.61 2.13 
Reaction time 
5. — 1.78 — 1.06 — 0.73 
— 1.88 — 0.40 — 1.78 
6. — 2.92 ** — 2.44* —0.14 
— 3.25 — 2.23 0.57 
7 — 0.84 — 1.85 1.22 
B. Vision 
Acuity: 
— 1.37 —1.17 —0.11 
Nee eee eee 9 — 1.05 — 1.20 1.38 
1.12 — 1.20 0.70 
Phoria: 
Vertical-near ...... 10. 0.77 0.00 0.63 
1.82 0.67 0.63 
ll. — 0.71 — 1.33 0.91 
0.00 — 1.33 1.43 
Lateral-near ...... 12. 1.58 — 1.33 2.33* 
2.00 —1.16 2.50 
Lateral-far ....... 13. — 0.82 — 0.95 — 0.57 
— 0.59 0.00 — 0.67 
— 0.87 — 0.43 — 0.32 
C. Kinesthetic after-effect 
| 0.80 | 0.09 | 0.82 
D. Line judgment 


— 0.96 1,25 


Completed ....... | —0.77 | 0.55 
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Significance of difference 


Vari- (C. R.) in performance under 
Test able 
No. meprobamate Tranquil meprobamate 
vs. placebo vs. placebo vs. Tranquil 
Per cent correct ..... 27. 1.13 0.34 0.62 
0.75 0.28 0.25 
E. Tempos and times 
Preferred tempo 
18. — 0.96 — 1.09 0.03 
— 0.61 — 2.38 1.20 
Ne ae 19. — 0.63 — 0.28 — 0.31 
—0.11 0.13 — 0.21 
Time estimation: 
Not counting ...... 20. 3.82 ** 1.57 2.93 ** 
3.32 1.25 2.10 
1.66 1.31 0.97 
Rate estimation 
33. — 0.40 — 0.59 0.35 
0.50 0.23 0.94 
23. — 0.35 — 0.54 0.35 
— 0.33 — 0.15 — 0.30 
F. Digit span 
24. 0.00 —118 0.77 
— 0.48 — 0.43 0.00 
25. —1.18 — 0.53 — 0.56 
— 0.45 0.00 — 0.48 
G. Muscular persistence 
Time held at 60% 26. 0.05 — 1.03 1.48 
0.79 —0.10 1.16 
Strength of pull) ..... 27. 0.19 — 0.52 0.69 
0.20 — 0.37 0.54 
Improvement of pull . . . 28. 1.40 1.91 — 0.98 
H. Hyperventilation 
Difference after . . ... 29. —0.19 — 1.65 1.57 
Absolute score after. . . .| 30. 1.17 — 2.27* 2.83 ** 
1.00 — 2.59 2.92 


1. The first line for each variable presents the Critical Ratio for the total 


group (N = 32). The second line for the anxious subgroup (NV = 23). 


2. Data on derived scores were not analyzed for the anxious subgroup. 
Significant C.R.’s are starred only for the total group (the top lines). 


* Significant beyond the 5% level of probability. 
** Significant beyond the 1% level of probability. 


Psychopharmacologia, Bd, 1 


1l 


~ 
i 
q 
| 
ust 
H 
| 
i 
| 


160 


the results of this evaluation — the magnitudes of the critical ratios for 
the comparisons between treatments: 1. meprobamate vs. placebo, 
2. Tranquil vs. placebo, 3. meprobamate vs. Tranquil. A plus value 
(no sign) indicates that performance was better under the first as con- 
trasted with the second treatment in the comparison. The first line for 
each variable gives the Critical Ratio for the total sample (N = 32), 
the second line for the subsample of 23 anxious patients. 


Table 3. Mean psychiatric ratings of patients under meprobumate, Tranquil, and 
placebo 


(The scale name characterizes the high end of the scale.) 


Mean rating under 
Rating dimension mepro- | Tran- pla- 
bamate quil cebo 
1. Marked reaction. ........ 2.4 2.3 1.8 
2. Marked daytime sleepiness .. . . 1.9 18 1.3 
3. Longer nighttime sleep... .. . 2.4 2.4 1.8 
4. More restfulnmess......... 2.4 2.2 2.0 
5. Better concentration. ...... 1.9 1.6 1.8 
6. Betterretention......... 2.0 1.7 1.8 
7. Better motivation ........ 1.7 1.6 1.8 
8. Less physical effort required. . 1.8 1.8 2.0 
10. Increased appetite. ....... 1.7 1.7 2.0 
1l. Marked skin change ....... 0.0 0.2 0.0 
12. Severe physical change... . . . 0.1 0.3 0.0 
13. Drug was active. ........ 2.1 2.0 1.6 
14. Subject feels better ....... 2.5 2.3 2.3 
15. Subject likes drug ........ 2.1 1.7 2.1 


Psychiatrie Evaluation. Table 3 presents, for the total group (29) 
for whom complete data from the psychiatric evaluations are available, 
the mean score on each of the 15 aspects of behavior quantified and 
rated by the interviewing psychiatrist. 

Table 4 presents the significance of the differences between the 
ratings in Table 3 after each drug treatment as compared with each 
other treatment. A plus value (no sign) indicates a more desirable 
rating on that scale for the first as contrasted with the second treatment 


in the comparison. 

Blood Bromide Levels. Table 5 presents the mean blood bromide 
level under each of the three treatments, and the significance of the 
differences in these levels between the three combinations of treatment 
N = 26). 

Tranquil treatment led to a highly significant rise in blood bromide 
evel, and to occasional skin reactions. 
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Self and Other Rating Schedules. Table 6 presents the mean scores 
on a) the seven variables scored from self-report materials (after three 
weeks of the drug), b) the four variables scored from ratings of the 
patient made by another person, and c) the four difference scores derived 


Table 4. Magnitude and significance of differences in psychiatric evaluations for 
the different contrasts in treatment 
{Plus value (no sign) indicates better rating under first treatment. } 


Significance of difference (C. R.) under 
Rating dimension meprobamate Tranquil meprobamate 
vs. placebo vs. placebo vs. Tranquil 
1. Marked reaction ....... 3.16 ** 2.00* —0.40 
2. Marked daytime sleepiness . —3.16** —3.13** — 0.50 
— 5.38 
3. Longer nighttime sleep 4.29 ** 4.29 ** 0.00 
2.50 3.13 
4. More restfulness ....... 3.33 ** 1.54 1.43 
5. Better concentration ..... 0.91 — 1.54 2.00* 
6. Better retention ....... 2.00* — 0.91 3.00 ** 
7. Better motivation ...... —0.77 — 1.54 0.77 
8. Less physical effort required . — 2.86 ** — 2.86* 0.00 
10. Increased appetite ...... —2.31* — 2.14* 0.00 
11. Marked skin change. . . . . . 0.00 — 1.82 2.50* 
12. Severe physical change ... . 1.43 1.36 0.87 
13. Drug was active ....... 2.63 ** 2.11° 0.67 
1.67 
14. Subject feels better... ... 0.91 0.00 1.00 
15. Subject likes drug. . . . . . . 0.00 — 1.90 1.38 


1.C.R.’s for the neurotic subgroup are reported only when they are discrepant 
from the C.R.’s for the total group. 

2. Significant C. R.’s are starred only for the total group. 

* Significant beyond the 5% level of probability. 

** Significant beyond the 1% level of probability. 


to indicate the magnitude of discrepancies between subjectively felt 
reactions and the degree to which these reactions are observable by 
another person. 

Table 7 presents the significance of the differences between the 
scores in Table 6 after each three-week drug treatment as compared 
with each other treatment. A plus value (no sign) indicates a more 
desirable rating on the first as contrasted with the second treatment. 
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Table 5. Analysis of blood bromide levels 
A. Milligrams of bromide found per hundred cubic centimeters of blood after treatment 


Mean bromide level under 
meprobamate Tranquil placebo 
Bromide (mg. percent). ..... 3.98 40.76 * 4.24 


* Bromide levels under Tranquil ranged to a high of 61 mg. per cent. 


B. Magnitude and significance of differences in blood bromide level for the different 
contrasts in treatment 


Significance of difference under 
meprobamate Tranquil 
vs. placebo vs. placebo meprobamate 
—0.18 15.73 ** 13.16 ** 


** Significant beyond the 1% level of probability. 


Table6. Mean check list ratings for patients under meprobamate, Tranquil, and placebo 


Mean rating under 
Check list dimension 
meprobamate Tranquil | placebo 
Ratings of patient by himself 
Semantic differential (lower score 
indicates more): 
High evaluation ........ 3.05 3.22 3.20 
Ratings of patient by himself 
Adjective check list (higher score 
indicates more): 
A. Concentration. ....... 6.5 6.9 7.0 
B. Activation vs. deactivation . . 19.1 18.7 19.2 
19.8 19.2 18.8 
D. Subject-reported symptoms. . 17.1 17.3 18.7 
Ratings of patient by other observer 
Adjective check list (higher score 
indicates more): 
A. Concentration. ....... 6.8 7.2 7.0 
B. Deactivation vs. activation. . 
D. Subject-reported symptoms. . 16.2 16.7 20.2 
Discrepancy between self and other ratings 
Adjective check list: 
A. Concentration. ....... 0.3 —0.3 0.0 
B. Activation vs. deactivation . . 0.3 1.0 0.3 
63 6. 1.7 0.5 —0.3 
D. Subject-reported symptoms. 0.9 0.6 —15 
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Table 7. Magnitude and significance of differences in check list scores for the different 
contrasts in treatment 


Significance of difference (C.R) under 
Check list dimension meprobamate Tranquil meprobamate 
vs. placebo vs. placebo vs. Tranquil 
Ratings of patient by himself 
Semantic differential: 
High evaluation ........ 0.37 — 0.07 0.48 
Ratings of patient by himself 
Adjective check list: 
A. Conoentration. ....... — 0.60 —1.4 — 0.73 
B. Activation vs. deativaction . . — 0.14 — 0.70 — 0.55 
1.59 0.75 1.36 
D. Subject-reported symptoms 1.24 1.24 0.17 
Ratings of patient by other observer 
Adjective check list: 
A. Concentration. ....... — 0.29 0.30 — 0.60 
B. Activation vs. deactivation . . — 0.19 — 1.60 1.49 
— — 2.08 — 
— 1.96* — 0.93 — 1.62 
— 2.55 — — 
D. Subject-reported symptoms. . 2.74°* 3.04 ** 0.28 
Discrepancy between self and other ratings 
Adjective check list: 
A. Concentration. ....... 0.00 — 0.25 0.34 
B. Activation vs. deactivation . . 0.00 0.78 —0.77 
2.58 ** 1.33 1.30 
D. Subject-reported symptoms. . 1.20 0.54 0.79 


1.C.R.’s for the neurotic subgroup are reported only when they are discrepant 
from C.R.’s for the total group. 
* Significant beyond the 5% level of probability. 
** Significant beyond the 1% level of probability. 


Diseussion 


Behavioral Tests. The discrepancies in results between the present 
and previous studies (MARQUIS et al.; KELLY et al. 1958a) of the be- 
havioral effects of meprobamate indicate that these results should be 
- evaluated with extreme caution. For the first time in the series of 
experimental studies of meprobamate with which the authors have 
been associated, some psychomotor effects appear to have been detected 
on the complex driver task. In this study meprobamate produced a 
slight, but significant, slowing of reaction time (of the order of a 4% de- 
crement), coupled with a slight decrease in accuracy at fast speed. Of 
three experiments employing the driving test, this result has appeared 
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only in the experiment that tested the effects of meprobamate on 
anxious patients. 

Other experiments on meprobamate’s effects on driving skills (Mr- 
LANDER 1957) and on psychomotor performance (Rerran 1957; Kor- 
NETSKY 1958) have confirmed our previous findings of little or no 
effects, with the single exception of a study by Loomis and West (1958), 
in which eight subjects showed slight (10%) but statistically significant 
decrements in an index of driving proficiency after a single (400 mg.) 
dose of meprobamate. One possibility that presents itself is that, be- 
cause Loomis and West tested an extremely small group of subjects 
in their experiment, a sample biased toward neuroticism might have 
been unwittingly employed, and characterized as “normal”’’. 

The actual mechanism of meprobamate’s action on behavior may 
be clarified by the increase in accuracy of time estimation found in the | 


present study when a distracting and misleading influence (a metro- 
nome beating at 100 per minute) was introduced. Possibly mepro- 
bamate aids the patient in concentrating, in cutting out and selecting 
from sensory inputs. This finding is further confirmed by a pilot study | 
reported by CLaRK, in which subjects were asked to perform a task | 
that would occupy them — to copy random letters — and at the same 
time to attend and respond to a barely audible buzzer. Increase in 
concentration and the resulting narrowing of attention would lead to | 
poorer performance on this task, and significantly poorer performance | 
was in fact observed under the influence of meprobamate, as con- 
trasted with placebo. Meprobamate’s benign effect on phoria might be 
another indication of this phenomenon. In this test, unless the patient 
throws himself completely into the task, it is possible for eye convergence 
to be incomplete. Finally, the decrement in driving performance could 
result from a change in concentration. On the driving test the patient | 
must first track the car; but second, he must occasionally respond to | 
an extraneous stimulus — the red light. Here again, the subsidiary 
response, the reaction time, is primarily affected. | 
As contrasted with meprobamate, Tranquil appears to have a similar, | 
but slightly lessened, effect on driving — leading to a significant slowing 
of reaction time, accompanied by a slighter, and nonsignificant, decrease 
in accuracy at high speed. Lateral phoria (near) and time estimations 
under distraction are significantly poorer under Tranquil than under 
meprobamate. Within the anxious subgroup, Tranquil has the effect 
of increasing the speed at which the patient chooses to drive when he 
is given control of the accelerator of the car, a possible indication of 
tendencies toward over-confidence or recklessness. Significant shorten- 
ing of the length of time breath can be held indicates a possibility of 
undesirable effects. Decreased visual acuity (near) and the preference 
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for a slower “hurrying” rate under Tranquil would also seem to be 
possible impairing factors. 

Psychiatrie Assessment. Marked effects, for both drugs, were found 
in the analysis of the variables quantified from the psychiatric assess- 
ments. This phase of the study should be examined with caution, 
however, because of the inherent difficulties in conducting a blind study 
when the measuring instrument (in this case, the examining psychia- 
trist) is not objective. Hower, this would appear to have been as 
little subject to unblinding as any study of this sort. Quantification 
was not begun until the entire study was completed, so that the 
psychiatrist worked only with his interview notes; and tipoffs of drug 
treatments may have been forgotten by this time. 

On the whole, the psychiatrist’s picture of meprobamate’s effect 
seems clear. Patients appear more rested, less tense, more active, and 
have better retention. Yet they do not subjectively ‘‘feel better’, nor 
do they “‘like” the drug. No change in their motivation level can be 
noted. They feel sleepy and sleep more, but this is true predominantly 
of the normal as opposed to the anxious patients. Appetite is lowered, 
and the patients feel that more physical effort is required of them to 
conduct their day-to-day activities. 

Tranquil shared with meprobamate the significant general reaction, 
greater physical effort required, decreased appetite, and feeling of 
greater drug activity. Again, no change in motivation level was felt, 
nor any subjective sensation of ‘‘feeling better’, nor any special “liking” 
for the drug. Tranquil led to greater sleepiness and longer nighttime 
sleep; but, whereas for meprobamate this affected primarily the normal 
subjects, those who would usually not take the drug, for Tranquil this 
affected primarily the group of anxiety neurotics. Further, whereas 
meprobamate gave a feeling of greater restfulness, Tranquil did not. 
Tranquil, in contrast, led to poorer retention and poorer concentration 
than meprobamate. 

Finally, Tranquil led to significant physiological effects of the sort 
that would be expected from a bromide compound. Significantly more 
skin and miscellaneous physical changes (dry mouth, bad taste, and, in 
subjects with seborrhoeic skins, an exacerbation of the acneic condition) 
occurred under Tranquil, and the blood bromide level was much higher. 


Check List Reports. None of the self-reports indicated any statisti- 
cally significant effects. The factor scores from reports by roommates, 
good friends, or spouses gave significantly lower activity ratings to the 
anxious group when under Tranquil, but significantly lower anxiety 
ratings to the total group when under meprobamate. When patients 
were characterized for components of behavior that are related to drug 
effects, both Tranquil and meprobamate led to significantly better 
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characterizations. Lasky et al. (1959) have shown that fellow patients 
in a psychiatric ward appear to be at least as good observers of behavior 
of one another as the professional workers (nurses, attendants, psychia- 
trists, psychologists). These results would again appear to confirm the 
power of this type of non-professional third person observation. 

There appears to be a possibility that the meprobamate effect may 
be specific to the anxious, neurotic patient and the result not of direct 
impairment of psychomotor skills, but rather of increased ability to 
concentrate and concomitant lessened ability to shift attention. If this 
suggestion is tenable, it does not appear to hold for Tranquil, for which 
our tests give no picture of improved concentration. The most plausible 
interpretation of these results, then, might be that different mechanisms 
underlie the behavioral changes produced by these two drugs — that 
meprobamate decreases anxiety level and increases ability to concen- 
trate, while Tranquil lowers self-watchfulness and judgment and impairs 
concentration. Resultant behavior and symptomatic changes, though 
differently caused, appear in certain aspects similar. 


Summary 

The effects of chronic administration of (a) 1600 mg. meprobamate, 
(b) five Tranquil tablets (the maximum recommended daily dose), and 
(c) placebos were examined, in a counterbalanced partially blinded 
design. Thirty-two subjects, including 23 anxious patients, employed 
as their own controls, were given behavioral tests, psychiatric inter- 
views, and ratings at the end of each 21 day treatment period. 

On the behavioral tests, meprobamate led to a slowing of reaction 
time in simulated driving at high speed, accompanied by a slight lower- 
ing of accuracy, and an improvement in accuracy of time estimations 
under a distracting influence. Tranquil led to a similar slowing of reac- 
tion time at high speed, along with a nonsignificant tendency toward 
decreased accuracy, and significantly poorer visual acuity and hyper- 
ventilation scores. 

On psychiatric evaluations, meprobamate led to marked psycho- 
logical reactions, daytime sleepiness, longer nighttime sleep, greater 
restfulness, better retention, need for more physical effort, less tension, 
decreased appetite, and a feeling that the drug was active. Tranquil led 


to similar effects as to psychological reactions, daytime sleepiness, night- 
time sleep, need for more physical effort, decreased appetite, and judg- 
ment of drug activity but no increase in restfulness, improved retention, 
or lessened tension. 

Self-ratings did not differentiate between the three treatments. 
Ratings by observers indicated decreased anxiety under meprobamate 
and decreased symptoms under both treatments. 
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Richtlinien fiir die Mitarbeiter 


1. Die ,,Psychopharmacologia‘ will der raschen Veréffentlichung wissenschaftlicher Mit- 
teilungen dienen, die sich mit der Analyse und Synthese der Wirkungen von Drogen auf das 
Verhalten im weitesten Sinne des Wortes beziehen. Solche Veréffentlichungen kénnen 
klinischer Art sein, oder es kann sich um spezielle Untersuchungen auf den Gebieten der ex- 
perimentellen Psychologie, Neurophysiologie, Neurochemie, der allgemeinen Pharmakologie 
und verwandter Diaziplinen handeln. 


2. Es kénnen Originalarbeiten oder kurze Originalmitteilungen (Briefe an die Heraus- 
geber), Forschungsberichte und Ubersichtsreferate aufgenommen werden. 


3. Der Inhalt der Arbeiten darf nicht in einer anderen Zeitschrift veréffentlicht oder zur 
Veréffentlichung eingereicht sein. 


4. Die Manuskripte kénnen in deutscher, englischer oder franzésischer Sprache abgefaBt 
sein. Sie sollen eine kurze Zusammenfassung in der Sprache des Textes oder — nach Wahl 
des Autors — in einer der drei genannten Sprachen enthalten. 


5. Originalarbeiten ist eine kurze Einfiihrung in das behandelte Problem voranzustellen ; 
es folgen Abschnitte tiber Methodik, Resultate, Besprechung, Zusammenfassung, Literatur. 


6. Der Text soll klar und so knapp wie méglich gehalten sein. Das Manuskript soll leicht 
leserlich sein und auf einseitig beschriebenen Blattern (Maschinenschrift mit doppeltem Zeilen- 
abstand) eingereicht werden. Die Abbildungsvorlagen werden auf besonderen Blattern erbeten 
und sollen mit einer kurzen, klaren Abbildungsunterschrift (Legende) versehen sein. 


7. Die Abbildungen sind auf das sachlich Notwendige zu beschranken. Kurven und 
graphische Darstellungen kénnen als Bleistiftskizzen eingereicht werden; die reproduktions- 
fahige Umzeichnung erfolgt durch den Verlag. Fiir Halbtonbilder werden Originalphotos 
auf Hochglanzabziigen erbeten. Die gleichzeitige Wiedergabe eines Befundes in einer gra- 
phischen Darstellung und in einer Tabelle ist zu vermeiden. 


8. Die Literaturhinweise im laufenden Text erfolgen durch Nennung des bzw. der Autoren- 
namen (u. U. in Klammern), wenn es sich um einen oder zwei Autoren handelt. Bei mehr 
als zwei Autoren wird nur der erste genannt, gefolgt von dem Zusatz ,,et al.“‘. Werden mehr 
als eine Arbeit desselben Autors oder derselben Autoren zitiert, so ist hinter dem Namen das 
Erscheinungsjahr der Arbeit anzugeben. Stammen mehrere Arbeiten desselben Autors oder 
derselben Autoren aus dem gleichen Jahr, werden die Buchstaben a, b, c usw. der Jahreszah! 
beigefiigt. 

Im Literaturverzeichnis am Schlu8 der Arbeit sind die zitierten Arbeiten ohne Numerierung 
in alphabetischer Folge nach dem Namen des ersten Autors bzw. Jahreszahl und u. U. a, b, c 
bei mehreren Arbeiten desselben Autors, zu ordnen. Jede zitierte Arbeit enthalt den oder 
die Namen und Initialen aller Autoren, den vollstandigen Titel des Beitrages in der Original- 
sprache, den Titel der Zeitschrift (abgekiirzt nach World Medica! Periodicals, 2. Auflage 1957, 

orld Medical Association), die Bandnummer Anfangs- und Endseitenzahlen sowie die in 
Klammern gesetzte Jahreszahl. 

Beispiel: Dews, P. B.: Studies on behavior, [V. Stimulant actions of methamphetamine. 
J. Pharmacol. exp. Ther. 122, 137—147 (1958a). 

Biicher werden zitiert mit Namen und Initialen des oder der Autoren, vollstandigem 
Titel, Auflage, Erscheinungsort, Verlag und Erscheinungsjahr. 

Beispiel: Buevier, E.: Lehrbuch der Psychiatrie, 9. Aufl., Berlin-Géttingen-Heidelberg : 


Springer 1955. 


"9. Von jeder Arbeit stehen insgesamt 75 kostenfreie Sonderdrucke zur Verfiigung. 


10. Die Originalmanuskripte sollen zusammen mit einer Kopie gerichtet werden 
a) fiir die USA und Kanada an: 
Dr. A. Wrxuer, National Institute of Mental Health, Addiction Research Center, 
U.S. Public Health Service Hospital, P.O. Box 2000, Lexington, Kentucky 
b) fiir die tibrigen Lander an: 
Prof. Dr. E. Rorairy, Sonnenweg 6, Basel/Schweiz 
c) oder an ein anderes Mitglied der Redaktion nach Wah! des Autors. 


11. Herausgeber und Verlag bitten dringend um genaue Beachtung dieser Richtlinien sowohl 
hinsichtlich des Originalcharakters der Beitriige als auch der technischen Einzelheiten. Dies 
erleichtert die Zusammenarbeit zwischen Autoren und Herausgebern und hilft die Publikations- 


fristen abzukiirzen. 
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Directions to Authors 


1. **Psychopharmacologia”’ is intended to provide a medium for the ——— publication 
of scientific contributions concerned with the analysis and synthesis of the effects of drugs 
upon behaviour, in the broadest sense of the term. Such contributions may be of a clinical 
nature, or they may deal with specialized investigations in the fields of experimental psychology, 
neurophysiology, neurochemistry, general pharmacology and cognate discipiines. 


2. Complete reports or short communications of original investigations (Letters to the 
Editors), research reports and surveys, will be considered for acceptance. 


3. The contents of articles submitted must not have been previously published or be 
offered for publication in any other journal. 

4. Articles for the journal may be aes in English, French or German, and should 
include a brief summary in the language of the text or in one of the three lar uages mentioned, 
as the author prefers. 

5. Articles dealing with original investigations should be prefaced by a concise introduction 
to the problem in question; this should be followed by sections dealing with Methods, Re- 
sults, Discussion, Summary, References. 


6. The text should be as clear and brief as possible. Manuscripts should be t with 
maximum legibility (double-spaced) on one side of the page only. It is requested that illus- 
trations be submitted on separate sheets and provided with complete legends. 


7. Illustrations should be restricted to a minimum. Graphs and diagrams may be submitted 
as pencil sketches, since re-drawing for reproduction will be attended to by the publisher. For 
half-tone reproduction, good original photos on glazed paper are requested. The same item 
should not appear simultaneously in a table and a diagram. 


8. Publications referred to in the text should be preceded (if necessary parentheses) by the fa- 
mily name of the author or authors, provided there are not more than two. Should there be more 
than two authors, the family name of the first is given and the words ‘‘et al.” added. If more 
than one publication of the same author or authors is quoted, the year of publication should 
follow the name, and in the event of more than one work of the said author or authors appear- 
ing in the same year, the letters a, b, c, as occasion demands, placed after the date. 

All citations should appear unnumbered in ‘‘References”’ and in alphabetical order follow- 
ing the name of the first author. In the case of more than one publication by the same 
author, the year and a, b, c, as occasion demands, should be added. Every article cited 
should include the names, followed by initials of all authors, the full title of the contribution 
in its original language, the title of the journal (abbreviated as indicated in the list of ‘“World 
Medical Periodicals”, Second Edition 1957, World Medical Association), volume, number of 
the first and last page and (in parentheses) the year. 

Example: Drews, P. B.: Studies on behavior, IV. Stimulant actions of methamphetamine. 
J. Pharmacol. exp. Ther. 122, 137—147 (1958a). 

Citations of books should include the family name of the author or authors, followed by 
initials, the full title, edition, place of publication, publishers, and year of publication. 

Example: E.: der Psychiatrie, 9. Aufl., Berlin-Géttingen-Heidelberg : 


Springer 1955. 


10. The original manuscript, together with one carbon copy should be addressed: 
a) for U.S.A. and Canada to 
Dr. A. WrkuER, National Institute of Mental Health, Addiction Research Center, 
U.S. Public Health Service Hospital, P.O. Box 2000, Lexington, Kentucky 
b) for the other countries to 
Professor Dr. E. Rorair, Sonnenweg 6, Basel/Schweiz 
c) or to any other member of the Editorial Board the author may choose. 


11. Editors and publishers request the strict observance of these directions, both as regards 
the original character of the manuscript and the technical details. This facilitates co-operation 
between authors and editors and helps shorten the peried for publication. 
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Directives destinées aux 


1. La revue ¢Psychopharmacologia» a pour but la publication 4 bref délai de com- 
munications scientifiques relatives 4 |’analyse et & la synthése des effets des drogues sur le 
«comportement» dans toute l’étendue du terme. Ces publications peuvent étre d’ordre 
clinique; il peut s’agir — de recherches spécialisées dans les domaines de la psycho- 
logie expérimentale, de la neurophysiologie, de la neurochimie, de la pharmacologie et de 
disciplines apparentées. 

2. Seront acceptés les articles et les bréves informations (lettres 4 la Rédaction) traitant 
de travaux originaux, ainsi que les rapports sur des recherches et les exposés d’ensemble. 


3. Le contenu des articles ne doit pas étre publié ni étre envoyé dans ce but a d’autres 
revues. 


4. Les manuscrits doivent étre rédigés en francais, en anglais ou en allemand. Tout 
article doit inclure un bref résumé dans la langue du texte ou dans l'une des trois langues au 
choix de l’auteur. 


5. Les articles traitant de travaux personnels contiendront une introduction courte mais 
précise au probléme traité suivie de paragraphes relatifs 4 la méthode, résultats, discussion, 
résumé et bibliographie. 


6. Le texte doit étre aussi clair et aussi bref que possible. Le manuscrit doit étre 
lisible, tapé & la machine (double interligne) sur le seul recto de la feuille. Les illustrations 
seront accompagnées de |égendes concises et figureront sur des feuilles séparées. 


7. Les illustrations seront limitées au strict nécessaire. Diagrammes et graphiques peuvent 
étre présentés sous forme d’esquisses au crayon, la reproduction définitive étant assurée par 
l’éditeur. Les auteurs sont priés d’envoyer les photos originales sur papier glacé pour les 
reproductions en demi-ton. Un méme résultat ne sera pas représenté simultanément sous 
| forme de graphique et de tableau. 


8. Les références du texte seront suivies du nom de ou des auteurs (éventuellement entre 
parenthéses) s’il n’y en a pas plus de deux. Dans les autres cas, le premier seul est cité suivi 
de ¢et al.» Si le méme, ou les mémes auteurs, sont plusieurs fois cités, on fera suivre le nom 

de la date de parution de chacune des ceuvres nommées. Au cas ot plusieurs ouvrages du ou 
des mémes auteurs dateraient de la méme année, on ajoutera a la date les lettres a, b, c, etc. 

Les ceuvres citées seront classées & la fin de l'article dans une bibliographie sans numéra- 
tion, par ordre alphabétique selon le nom du premier auteur, de la date de parution et des 
lettres a, b, c, etc. dans le cas ou il existerait plusieurs ouvrages du méme auteur. 

Les références des ceuvres citées se présenteront comme suit: nom de l’auteur, initiales 
des prénoms, titre complet dans la langue originale, titre de la revue (abrégé selon le systéme 
des World Medical Periodicals, 2éme édition 1957, World Medical Association), tome, numéro 
de la premiére et de la derniére page, année (entre parenthéses). 

Exemple: Dews, P. B.: Studies on behavior, 'V. Stimulant actions of methamphetamine. 
J. Pharmacol. exp. Ther. 122, 137—147 (1958 a). 

Les livres seront cités précédés du nom et initiales des prénoms du ou des auteurs; titre 
complet, édition, lieu de publication, éditeur, date de parution. 

Ezemple: Biever, E.: Lehrbuch der Psychiatrie, 9. Aufl., Berlin-Géttingen-Heidelberg, 

9. Il sera fait de chacun des articles publiés 75 tirés 4 part mis 4 la disposition des auteurs 
a titre gratuit. 
10. Les manuserits originaux accompagnés d’un double doivent étre envoyés 

a) pour les U.S.A. et le Canada au 

. A. Wreier, National Institute of Mental Health, Addiction Research Center, 
U.S. Public Health Service Hospital, P.O. Box 2000, Lexington, Kentucky 

b) pour les autres pays au 
f. Dr. E. Roruir, Sonnenweg 6, Bale, (Suisse) 

c) ou & tout autre membre de la rédaction selon le choix de l’auteur. 


1l. Les éditeurs et les rédacteurs prient instamment d’observer strictement ces directives 
aussi bien en ce qui concerne le caractére original du manuserit que les détails techniques. 
La collaboration entre auteurs et éditeurs en sera ainsi facilitée et les delais de publication 
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~Erkrankungen. 
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C.F. Boehringer & Soehne GmbH. 
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